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ABSTRACT 
E i g h t samples of hiobiura a r s e n a t e withi d e f f e r e n t 
niobium t o a r s e n i c r a t i o s have been prepared and t h e i r s t a b i -
l i t i e s and composi t ions have been de te rmined . The r e s u l t s of 
therroogravimetr ic and x- ray s t u d i e s a r e r e p o r t e d and compared 
with those f o r hydra ted niobium pen tox ida . The s e p a r a t i o n s of 
Mg^ "*" from Al^ "*" and Mn^ "^  of Ga^ "*" from Al^*^ and of Hg^ "*" from Cd^* 
have been ach ieved . A p l o t of pksp . r ° Vs Kd i s a s t r a i g h t l i n e . 
The p r e p a r a t i v e condi t icais under which niobium a r s e n a t e 
shows r ep roduc ib l e p r o p e r t i e s have been e s t a b l i s h e d . The 
chemical d i s s o l u t i o n of r ep roduc ib l e niobium a r s e n a t e in v a r i o u s 
s o l v e n t s and the e f f e c t of dry ing t h e sample a t v a r i o u s tempera-
t u r e s on i t s ion exchange capac i t y have been i n v e s t i g a t e d . 
D i s t r i b u t i o n c o e f f i c i e n t s of 31 metal ions in d i f f e r e n t concen-
t r a t i o n ^ o f HNO- and NH.NO^ and in t h e mix ture of the bo th have 
been de te rmined . The s e p a r a t i o n s of Ce from Y "*", Tm and 
Tto"^*, of Y-'"'' from Lu^ "*" of Mn^ "*" from V^ "*" and Fe^"*" and of Ni^"^ 
54, 3+ 
from V and Fe have been achieved on i t s columns. 
Cat ion Exchange e q u i l i b r i u m s t u d i e s of Na'*"-H*, K'*'-H"*', 
Mg^ '*"-H"*", Ca^ "*"-H"**, Sr '^*'-H"*' and Ba '^*"-H'*' on niobium a r s e n a t e have 
been performed a t 30^, 50® and 70°C. The hG^, AH°, j^s^ and 
^S„ v a l u e s f o r the exchange have been c a l c u l a t e d . Tempera-
t u r e dependence of the thermodynamic e q u i l i b r i u m c o n s t a n t has 
(x i i ) 
been s tud ied . 
A reproducible semicrys ta l l lne niobiuni antlmonata sample 
has been synthesized. I t has a high chemical s t a b i l i t y . The 
e f fec t of drying a t higher temperature upon the ion exchange 
capacity has been observed. I t has been found su i tab le for use 
as an ion exchanger in the temperature range 40° - 300°C. The 
x-ray, I . R.# T, G, A. and D, S. C. s tud ies of the c r y s t a l l i n e 
samples are presented and disciissed. 
The potentiometric ion exchange t i t r a t i o n s of niobium 
antimonate have been performed for the systems hi'^'/H'^, Ha.'^/H'^, 
K.'*'/H'^ and NH1"/H"*", The sample a t each s t ep of exchange has been 
character ised by x-ray d i f f rac t ion ana ly s i s . I t i s concluded 
t h a t the a l k a l i metal ion exchange in niobium antimonate occurs 
without phase t r an s i t i o n and the acid shows txi-fxinctional acid 
behaviour. Approximately 33>< of the proton capacity i s eas i ly 
exchanged and thus the exchanger produces a vride range of a c i -
d i t i e s as i s found in noncrys ta l l ine or semicrys ta l l lne ion 
exchange mate r i a l s . The column ion exchange capacity for the 
imivalent metal ions has been determined and compared with those 
of batch experiments. The low ion exchange capacity observed 
in column operation has been in te rpre ted in terms of slow 
k ine t i c s of the ion exchange process . 
(x i i l ) 
C H A P T E R - I 
INTRODUCTION 
Itie synthe t i c inorganic Ion exchangers have 
received considerable a t t en t ion during thie l a s t few 
years owing to t h e i r re s i s tance to hea t and radiat ions 
and becaxise they show some novel s e l e c t l v l t l e s which 
are d i f f e r e n t from those of Ion exchange r e s i n s . 
These materials have been tised for 
1) the separation of metal i o n s . 
11) the p u r i f i c a t i o n of water, 
i l l ) the separation of organic compounds. 
Iv) the preparation of ion s e l e c t i v e manibranes. 
v) the preparation of a r t i f i c i a l WLdney machines, 
v l ) the preparation of fue l c e l l s . 
Sc»ie of the more Important a n a l y t i c a l app l i ca -
t i ons during the l a s t few years are out l ined in 
Table I . 
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These Ion exchange materials have been classi-
ng 
£led by Pelcarek and Vesely as follows: 
1. Hydrous oxides 
2. Acidic salts of multivalent metals. 
3. Salts of heteropolyaclds 
4. Insoluble ferrocyanldes 
5. Synthetic alumlnosllicates 
6. Certain other substances e.g. synthietlc apatites* 
sulphides* alkaline earth sulphates. 
Out of the various classes outlined above the 
acidic salts of multivalent metals have attracted the 
greatest attention. They may be prepared by conbining 
group IV oxides with the more acidic oxides of groups 
V and VI, 
IV V 
Si 
Tl Ge V 
Zr Sn Nb Sb Mo Te 
Hf Pb Ta Bi w Po, 
p 
As Cr 
S 
Se 
17 
I t was f i r s t shown by Boyd e t a l . that z i r -
conium phosphate prec ip i ta t ed on s i l i c a e x h i b i t s ion 
exchange propert ies and could be used for the sepa-
rat ion of uranixim and plutoniiun from the f i s s i o n 
18 products . Later on P h i l l i p s and Kraus found that 
zirconiiim phosphate may be prec ip i ta ted from acid 
s o l u t i o n s of zirconium s a l t s or by treatment of 
zirconium oxide with phosphoric a c i d . In the l a t t e r 
case the uptake of phosphate i s i r r e v e r s i b l e 
and i s considerably in excess of the ion exchange 
capacity of the ox ide . This was explained by 
proposing that zirconium p h o s ^ a t e ac t s as an ion 
exchanger. s i n c e then nos t of the work has been 
done on zirconium phosphate. This work may be 
summarized under the fo l lowing heads. 
1, Crystal s t ruc tu re of Zirconium PhosFhate (ZP): 
A simplif ied schematic diagram I l l u s t r a t i n g the essen-
t i a l s t ruc tu ra l features of <7<-ZP i s given in F i g , 1. The 
s t ruc tu re i s layered one. Each layer can be regarded as a two 
dlmenslonally i n f i n i t e complex molecule which cons i s t s of a 
sheet of roughly coplaner zirconium atoms sandwitched between 
two sheets of monohydrogen phospJ^ate groups. Each zirconium 
atom i s coordinated by s ix oxygen atoms arranged octahedral ly 
about the zirconium atom. Each of these s ix oxygen atoms belongs 
to one of the s ix d i f fe ren t monohydrogen phosphate groups, three 
of which l i e above the mean plane of the zirconium atoms and 
three of which l i e below i t . Each monohydrogen phosphate group 
ac t s as a three way br idging l igand, coordinating three d i f f e -
ren t zirconium atoms through three of i t s oxygen atoms. The 
fourth non-coordination oxygen atom points towards a adjacent 
layer in the s t ruc tu re and presumably bears the hydrogen atom. 
The sequence in which the layers are packed together i s 
such tha t the neighbouring monohydrogen phosphate groups from 
adjacent layers are staggered and do not l i e d i r ec t l y opposite 
one another . This packing sequence creates z e o l l t l c cav i t i e s 
in the i n t e r - l a y e r region. One of these cav i t i e s i s indicated 
by dashed c i r c l e in F i g . 1, There i s one such cavity per formula 
un i t , Zr(HPO^) .H 0 and the water molecule l i e s in t h i s cav i ty . 
Thus the layers are presumably held together by a network of 
7 
Figure 1 Schematic illustration of the structure of oc-Zp 
hydrogen bcmds between the staggered monohydrogen phosphate 
groups through the Interagency o£ the water molecule involving 
H O - - - - HOPO- bonds. The i n t e r l aye r separation in the 
2 J 
o<>ZP s t ruc tu re i s 7.6 A° and t h i s i s c l ea r ly an important 
per iodic distance in the s t r u c t u r e . Indeed the f i r s t d i f f r ac -
t ion maximum in the powder pat tern of o^-ZP corresponds to a 
o d-spacing of 7.6 A . 
2 . Mechanism of Ion Exchange on c-x-ZP: 
The s t ruc tu re described above explains three important 
proper t ies of <<^ZP, 
1) The hys t e r e s i s loop in the t i t r a t i ca i curves , 
i i ) The mechanism of ion exchange. 
i i i ) Se lec t iv i ty of t^-ZP . 
X-ray s tudies were made of the various phases during 
the t i t r a t i o n of cx -^ZP with O.IN NaOH + O.IN NaCl in the forward 
t i t r a t i o n and with O.IN NaCl + O.IN HCl in the backward t i t r a -
in 
t i o n . For th i s study a new technique was used by A. Clearf ie ld , 
The zp c rys t a l s were removed from the solut ion and put on the 
f i l t e r paper which was in turn kept in the holder of the x-ray 
tiJbe. In t h i s way the c rys t a l s wi l l always be in equil lbt ium 
with the most f i l t e r paper which supported the c r y s t a l s . This 
techniqxie allowed a new l i g h t to be thrown on the phase changes 
occuring during the t i t r a t i o n . As the various ZP pases are 
sens i t ive to drying hence t h i s procedure gave a b a t t e r p ic ture 
of the actual s t a t e of a f f a i r s than the e a r l i e r s t u d i e s . The 
hys t e re s i s loop i s shown in F i g . 2 . The following sequence 
talces place in t i t r a t i o n . 
i) Wheno<;—23? c rys t a l s are equi l ib ra ted with O.IN NaCl 
a t pH 2 the x-ray pat tern i s unal tered under these conditions 
neg l ig ib le exchange occurs and the i n t e r l aye r spacing remains 
constant a t 7.6 A . 
i i ) On fur ther addit ion of NaOH the following react ion 
occurs . 
Zr(HPO^) .H O^Na' ' '^ Zr(HPO^) (NaPO )^ .5H 0 . . . (1) 
Phase 1 Phase 2 
Phase 2 has an i n t e r l aye r spacing of 11.8 A°, Thus a t 
the f i r s t in f lec t ion point we have only phase 2 while before 
the f i r s t inflecticxi point we have mixtures of phaseland phase 2 
After the f i r s t in f lec t ion point the following react ion occurs 
a t pH 6-7. 
Zr(HPOj (KaPOj . 5 H , 0 r ^ Zr(KaPO .) ^.3H^0 . . . (2) 
4 4 2 ^ ^ 4 2 2 
Phase 2 Phase 3 
Phase 3 i s present completely a t 2nd in f lec t ion point but 
both phases 2 and 3 are present between the f i r s t and second 
Ill 
in f lec t ion po in t s . Phase 3 has an i n t e r l aye r spacing of 9,83A°, 
After the t i t r a t i o n i s over NaOH i s added to phase 3 t i l l the 
pH r i s e s to 10. Back t i t r a t i o n i s now performed with o.lN NaOl + 
O.lNHCl, As i s c l ea r from the figure the conversion of phase 3 
to phase 2 i s revers ib le and hence the i n t e r l a y e r spacing i s 
increased from 9.83 A° to 11.8 A*' when fur ther replacement of 
Na"*" ions with H"*" ions takes p lace . There are two p o s s i b i l i t i e s 
i) The i n t e r l a y e r spacing may remain the same and the 
sodium ions may be replaced by the H ions , 
l i ) The i n t e r l aye r spacing may decrease smd the water 
molecules may be driven out from the ZP s t ruc tu re giving c/^-ZP 
with caie mole of H^O, 
I t i s obvious tha t in the presence of water the free 
energy change wi l l favour the f i r s t p o s s i b i l i t y . Therefore in 
place of phase 1 a new phase Is obtained. HystE3resis i s due to 
to the presence of a d i f ferent phase in the baclcward t i t r a t i o n . 
The second and the th i rd points may be tjiken together . 
</-ZP j*iase has a layered s t r u c t u r e . Each l aye r cons i s t s of 
Zr atoms lying very nearly in a p lane . They are bridged with 
3-
PO. groups lying above and below the plane. Adjacent layers 
are arranged in such a way the cav i t i e s are forinsd. Examination 
of F i g . 3 shows t h a t there are two type of the o:penings to the 
cav i ty . These may be ca l led s ides and faces . Tlius s ide I i s 
li 
formed by following atoms Zr, 0^, P^/ Og, Zr, 0^, P^ and 0^. 
This s ide i s reproduced in F ig , 4 for cav i ty . The l a r g e s t 
openings in the sides are 2.62 - 2.64 A°. Face I i s formed by 
atoms z r , O,, P . , 0^, Zr, 0^, P^ and O^. This face i s repro-
duced in F i g . 5 . The l a r g e s t free volume in the faces would 
allow a sphere of 2.4 - 2.64 A*^  to pass through i t . 
Now i t i s Known tha t L i , Na, K ions are exchanged in 
d(-ZP b u t Rb and Cs ions are no t . This therefore means t ha t 
the allcali metal ions are f i r s t dehydrated and then they en ter 
the cav i ty . Afterwards the water moleculers en te r the cavity 
and hydrate the Na"*" ions . This r e s u l t s in an increase of the 
i n t e r l a y e r spacing from 7.6 A to 11.8 A . The diameters of L i , 
Na, K, Rb and Cs icxis are respect ively 1.36, 1.96, 2.66, 2.96 
and 3,3 A , Thus unhydrated L i , Na and K ions can en te r the 
^ -ZP but the Rb* and Cs"*" ions cannot. This explains the ion 
s ieving proper t ies of c<~ZP. 
In addit ion to zirconium phosphat© and other zirconium 
s a l t s a large nunber of inorganic ion exchangers have been syn-
thesized and t h e i r s e l e c t ! v i t i e s have been determined. Most of 
the compounds are based on Sn, Ti , Th, Ce, and Fe . Some of 
these are referred to Table I I . 
Very few s tudies have been reported on the compounds 
based on |>lt> and Ta, The more important ion exchange s tudies on 
the niobium compoionds are summarized below: 
12 
11 
10 
9 
8 (-
7 
X 
^ 6 
5 
T/Tanf F o r w a r d d i rechon 0 1N N o O H * 0 1N NaCl 
B a c k w a r d d i rccr ion 0 1N NHCL > 
0-1N NaCl 
3 
2 h 
1 
-o o 
•— 
0 3 L 
MEQ/gm 
7 
Figure 2 Potentiometric t itration curve for CX-Zp 
13 
Figure 3 Idealized picture rj a cavrty fo r r red by two 
adjacent U/er^. m (X-Zp, 
•." - 1 
Zr 
07^ 
2 
0^' 
: r t 
J 
14 
Ficiure /. Idealized representation of a side c^  the CX' Zp 
cavity. 
z^ I 
(06 V 
O4 \\'\ 
\. 
(04 
c/ 
Zr 
p -
Figure 5 Idealized representation of a face of the CX-Zp 
cavity. 
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TABLE II 
Ion Exchange of the Zirconium Phosphate Type 
Reported from 1973 - 1976 
Cation 
Zr (IV) 
Sb (V) 
Sn (IV) 
Ti (IV) 
Th (IV) 
Ce (IV) 
Fe (III) 
Ta (V) 
Anion 
Phosphate 
Antimonate 
Arsenate 
Molybdate 
Te l lurate 
Tungstate 
Phosphate 
Phosphate 
Arsenate 
S e l e n i t e 
Phosphate 
Antinvonate 
Arsenate 
Tungstate 
Phosi^ate 
Tungstate 
Phosphate 
Arsenate 
Molybdato 
Tungstate 
Phosphate 
Arsenate 
Antimonate 
Arsenate 
References 
1, 2 , 20-44 
3 
45-47 
48 
49 
50-52 
53-54 
7, 55-59 
60 
6 
61-62 
4 
63 
64 
5, 65 
66 
67-68 
8 
69 
70 
9, 71-72 
10 
12 
11, 73. 
l b 
P h i l l i p s and Kraus ware probably the f i r s t t o s y n t h e s i z e 
a niobium based i n o r g a n i c ion exchanger i . e . niobium vanadate 
with an ion exchangee capac i t y of 0 , 5 - 2 .0 moles /^ in ac id 
s o l u t i o n . This m a t e r i a l could n o t be used e i t h e r f o r the s epa -
75—7B 
r a t i o n of a l k a l i meta ls or r a r e e a r t h s . Egorov e t a l . syn-
t h e s i z e d niobium phosphate , s t u d i e d i t s ion exchange p rope r -
t i e s and the k i n e t i c s of the formation of the s o r p t i o n phases 
du r ing p r e c i p i t a t i o n . They foxrnd t h a t P-Og / Nb^Og r a t i o was 
h i g h e r i f the p r e c i p i t a t i o n was done in t h e presence of t r i -
"1, "J. Ti , 79—SO 
v a l e n t c a t i o n s such Fe , Cr and Ce . Sh t in e t a l . 
s t u d i e d the s o l u b i l i t y of niobium phosphate in KDH and concluded 
t h a t the s o l u b i l i t y i s a funct ion of the H-PO^ or t h e HCIO^ con-
c e n t r a t i o n dur ing the s y n t h e s i s . 
The hydroxides of niobium have s t u d i e d in g r e a t e r d e t a i l . 
SI—86 Egorov e t a l . n o t i c e d t h a t niobium hydroxide shows c a t i o n 
and anion exchange p r o p e r t i e s . They a l s o determined the 
k i n e t i c abso rp t ion c o e f f i c i e n t and the thermodynamic e q u i l i -
brium c o n s t a n t s f o r t he exchange of the Cr 51 i o n s . They ob -
served moinphological changes on h e a t i n g up to 600 C concluded 
B7—68 t h a t i t i s the rmal ly s t a b l e . Ermolaev e t a l . s t u d i e d the 
r e a c t i o n of the nic*>ium hydroxide oxide h y d r a t e with Ba (OH) 
and s r (OH) t o g ive amorphous (Nb, S r , Ba) (0 , OH) nHi) phase 
of va ry ing compos i t ion . They a l s o found t h a t as a r e s u l t of 
topochemical r e a c t i o n between NbCl- and concen t r a t ed NH^ s o l u -
o 3 
t i o n a niobium hydroxide with anaraolous p r o p e r t i e s i s formed. 
89 
The hydrate oxide of Nb was found suitable for the separation 
of Sb, This method could not be used to determine Sb in high 
90 purity CO-precipitation. Ross et al. studied the kinetics of 
18 the exchange of gas j^ iase O with the 0 of Nb.O- and concluded 
that NbjOg may be used as a highly selective catalyst for 
partial oxidation reactions. 
The ion exchange properties of the pyrochlore thallium 
91 
n i o b a t e in the presence of molten o r s o l i d n i t r a t e s have been 
s t u d i e d and i t i s found t h a t t h a l l i u m exchanges wi th Ag"*" and 
Pb ions under t h e s e c o n d i t i o n . Thermal s t u d i e s on oxonium 
92-93 
and anmonium pyroch lo res of the type H OMWO and NH MWO 
(M a Nb, Ta) were made. Exchange i s o t h e r m s , thermodynamic 
c o n s t a n t s and k i n e t i c s were determined f o r t h e d i sp lacement of 
H.o"*" by Ag* in p y r o c h l o r e s . 
94 
The z inc peroxyniobata was syn thes i zed and c h a r a c t e r -
i s ed by i . r . s p e c t r a , thermogravimet r ie and x - r a y analyse'S\ 
Some niobium minera l s c o n t a i n i n g Fe were syn the s i zed and t h e i r 
s o l u b i l i t y determined in t h e HF - H SO^ (1x1) m i x t u r e . 
Some new mixed h e t e r o p o l y compoxinds i . e . tungs toniobo 
s i l i c a t e and n i o b i o t u n g s t a t e s have been s y n t h e s i z e d . 
In te rmedia ry phases i n the niobium oxide-molybdenum (VI) oxide 
97 
systems have been i n v e s t i g a t e d . 'The methods of preparat icxi 
and s o l u b i l i t y in minera l a c id s i s d e s c r i b e d f o r Nb and Ta 
l 6 
98 s e l e n i t e s • Tantalum se l en i t e i s more thermally s t ab l e and 
l e s s solxible In mineral acids than the Vto compounds. 
99 
The s t r u c t u r e in the amorphous nicblvim alkoxides used 
as an ion exchange material have been determined by comparison 
of t h e i r Raman spect ra with the x-ray d i f f rac t ion pat terns of 
the compound prepared by s i n t e r i n g the hydrolysis products . 
Titova e t a l . ° found t h a t freshly p rec ip i t a t ed Nb(V) 
and Ta(V) hydroxides r eac t with arsenic acid to give compounds 
with composition 2M^0c »As_Oe.nH_0. They a lso found tha t 
2 D 2 3 2 
niobium arsenate reac t s with sodium and potassium hydroxides 
to form Na,^Nb.2037 ^^^ *^14^12°37 ^Q^pectively. This reac-
t ion was Used to determine niobium by p rec ip i t a t ion as niobium 
102 
arsenate 
I t i s c l ea r from the above survey t h a t desp i te a g rea t 
resurgence of i n t e r e s t in syn the t ic inorganic ion exchangers 
the compounds of Nb have almost untouched. The only compoxinds 
studied as ion exchange mater ia ls are the hydrous oxides of 
niobium and niobium vanadate and even these substances have not 
been s tudied in d e t a i l as an ion exdiange ma te r i a l s . 
Keeping in view the above fac ts and considering the 
chemical and thermal iner tness of niobium hydroxide i t was con-
sidered advisable to study the niobium compounds as ion exchange 
13 
materials. In this thesis we have presented the synthesis 
and ion exchange properties of Niobium arsenate and Niobium 
antimonate. 
2u 
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C H A P T E R - I I 
SYKTHESIS AND ION EXCHANGE PROPERTIES OF NIOBIUM ARSENATE; 
SEPARATION OF Mg^ "*" FROM Al^ "*" AND Mn^*, OF Ga^ "*" FROM Al^* AND 
OF Hg2+ FROM Cd^*. 
Of the various inorganic ion exchangers which have been 
studied the materia ls based upon niobium and tantalum are probably 
the l e a s t i n v e s t i g a t e d . P h i l l i p s and Kraus prepared niobium 
vanadate which esehibits ion exchange capaci ty between 0 . 5 - 2 . 0 
3+ 3+ 
meg/gm and has good s e l e c t i v i t y towards Ce and Fu . Later on 
2 3 Suldiarev e t a l synthes ized niobium phosphate ' and hydrated 
4-7 
niobium pentoxide . In the case of niobium phosphate they exp-
lored a condition under which i t shows ion exchange behaviour and 
they studied i t s composition a l s o . 
Hydrated niobium pentoxide which ac t s as an ami^oteric ion 
exchange material was very s e l e c t i v e towards Cr O ~, WO^ T I Fe (CN)^ 
2 - "^  
and ^ 2 ^ 7 * ^ ® thermodynamic and k i n e t i c s t u d i e s were a l s o carried 
— 2— r n 4 
out for the exchange of (OH ) , Cr_0- and iFeCCN) 
A search of the l i t e r a t u r e shows that no such s tud ies have 
been reported on niobiiim arsenate . Therefore we have synthesized 
t h i s material and studied i t s ion exchange p r o p e r t i e s . The ana-
l y t i c a l importance of t h i s exchan^r has been demonstrated by 
achieving some d i f f i c u l t quant i ta t ive separat ions . The ion ex -
change e q u i l i b r i a have been d iscussed in the l i g h t of s o l v i b i l i t i e s 
of the arsenates of metal ions invo lved . 
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EXPERIMENTAL SECTION 
Reagents» Niobium pentoxide (BARC,, India) and scxiium a r s e n a t e 
(Riede l , Germany) were used . Sodium a r s e n a t e s o l u t i o n was 
p r e i a r e d in 2M HCl. A l l o t h e r r e a g e n t s were of a n a l a r g r a d e . 
Niobium pentoxide (20.00 gm) was hea ted with 500 ml of concen t ra ted 
s u l p h u r i c ac id c o n t a i n i n g 200 gm of ammonium s u l p h a t e . The c l e a r 
s o l u t i o n was d i l u t e d with wa te r t o 750 ml . t o o b t a i n a s o l u t i o n 
which was O.IM wi th r e s p e c t t o n iobium. 
Apparattis t An e l e c t r i c tempera ture c o n t r o l l e d Sico Shaker, 
E l i c o pH mete r , S tanton Thermobalance, P h i l i p s x - r a y u n i t and 
Baush and Lonto s p e c t r o n i c 20 were used for shak ing , pH measure-
ment, thermograv imet r ic a n a l y s i s , x - r a y s t u d i e s and spec t rop i io to -
m e t r i c measurements r e s p e c t i v e l y . 
Synthes is» 
a) Syn thes i s of ts<iobium a r s e n a t e (NbAs) t 
The samples were prepared by mixing a c i d i c s o l u t i o n s 
of O.IM niobium and O.IM sodium a r s e n a t e i n the d e s i r e d r a t i o a t 
room t e m p e r a t u r e . The NaOH s o l u t i o n was added t o t h e mixture 
with ccais tant shaking u n t i l the pH was z e r o . The p r e c i p i t a t e 
was al lowed t o s t a n d f o r 24 hours in the mother l i q u o r and was 
then washed by d e c a n t a t i o n wi th d i s t i l l e d wa te r and f i l t e r e d by 
s u c t i o n . They were then d r i e d a t 40®C. The d r i e d produc t was 
3U 
brolcen to small granules when i t was Inmersed In water . These 
granules were converted in to the H* form with 2-3M n i t r i c ac id . 
b) Synthesis of hydrated Nb^O-: 
A concentrated solut ion of sodium hydroxide was added 
dropwise to O.lM niobium solut ion u n t i l the pH was ze ro . The ppt 
obtained was allowed to stand for 24 hours . 
Ion-Exchange Capacity; 
The icai exchange capacity of the various samples of NbAs 
was determined by the column method. The ion-exchanger in the 
hydrogen form was placed in a column with glass wool support . 
The r e s u l t s «r» summarized in Table I I I , The ion exchange capa-
c i t y of the hydrated niobium pentoxide synthesised as above and 
of the obtained from the manufacturers was 0.65 and 0.12 meq/gm 
respec t ive ly . The ion exchange capacity of NbAs sample 1 for 
d i f fe ren t cat ions i s shown in Table IV. 
Composition I 200 mg of the well powdered NbAs was dissolved 
in 10 ml of hot concentrated sulphuric ac id . Arsenic was estimated 
volumetrical ly and niobium was determined gravimetr ical ly with 
9 
cupferron precipitation from the exchanger solution containing 
5% tartaric acid and 10% H SO^ °. The results are summarized in 
Table III. 
31 
Dissolution of Niobium Arsenate» To determine the soliibl-
l l t y of th is material 0.2 gm of the exchanger was refluxed with 
25 ml of the solution concerned for 1 hour. After the removal 
of the undissolved material nicbium and arsenic were determined 
in the f i l t r a t e with potassium thiocyanate ether extraction 
12 
and the molybdnum blue method respectively. The results are 
given in Table ZZZ. 
Distributian studies* Distribution coefficients for 30 
metal ions in deminerlized water and 0*1M HNO. were determined 
by loading the cation equal to 3% of the total ion exchange 
capacity. The total volume of the solution was 50 ml and the 
13 
amount of the exchanger used was 0.5 gm. Titanium was deter-
mined spectrophotometrically. All other cations were determined 
by titration with 0.002M EDTA. The results are given in Taible V, 
TRiermoqravimetric Analysis i Samples 1,2,5 and hydra ted 
niobium pentoxide in H"*" and K"*" form and sample 4 in H* form were 
subjected to thermogravimetrie analysis in the range of 50°G to 
900**C. The results are plotted in Figs. 6 and 7. 
Separations! For separation studies a glass coluim was 
filled with 2 gm NbAs in H"*" form on a glass wool support. The 
rate of flow in all the separations was 0.6 to 0.8 ral/min. 
Mg^*, qa^* and Hg^* lon« were elutad with 0.2% NH^ NO . Other 
metal ions retained in the coluim were eluted with 2.5M HMO. •(• 
5% NH.NO., The resxilts of the separations are given in Fig . 8 
and in Table VI. 
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Ti^LE IV 
Ion Exchange Capacity of Niobium Arsenate (Sample 1) 
Towards Various Cations* 
Eluting Cations Concentration I . E . C . (meq/gra.) 
of CaticHQs 
Ha* IM 1.06 
K* IM 1 . 4 4 
Mg^ "*" 0.5M 0.90 
1 .OM o .98 
Ba^ "*" 0 .5M 1 . 5 8 
1 .OM 1.88 
TABLE V 
Distribution Coefficients For 30 Metal Ions 
On mobium Arsenate ( Sample 1 ) . 
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C a t i o n s 
Mg2-^ 
Ca^* 
Co2* 
Sr2+ 
Cd2 + 
Cu^-^ 
Pb2+ 
B«2* 
Hl^* 
Zn2+ 
Mn2+ 
Al3+ 
Fe^* 
Hg^-
V** 
2r*+ 
I n ^ * 
Pr3+ 
Nd^* 
Bare i o n i c 
r a d i i 
0 . 6 5 
0 . 9 9 
0 . 7 4 
1 .13 
0 . 9 7 
0 . 9 6 
1 .20 
1 .35 
0 . 7 2 
0 . 7 4 
o.eo 
0.50 
0 .64 
1.10 
0 .60 
0 .60 
0 .81 
-
** 
pK,p o f 
arsenates 
of metal 
ions 
19.67 
18.17 
28.12 
18.09 
32.66 
35.11 
35.38 
50.11 
25.50 
27.88 
29.72 
-
20.24 
-
-
-
-
-
"* 
pK .r® 
«P 
12.78 
17.98 
20.80 
21.26 
31.04 
33.70 
42 .45 
67.64 
18.36 
2 .63 
22.97 
-
12.93 
-
-
-
-
-
"* 
K. va lues m/gra 
Demine- O.IM HNO^  
r a l i z e d 
water 
171 
298 
387 
553 
950 
1600 
1850 
2980 
1005 
1100 
1930 
1930 
115 
31 
540 
109 
779 
9460 
8460 
7 
22 
15 
55 
110 
6 5 
557 
85 
13 
71 
11 
133 
72 
12 
469 
193 
51 
47 
55 
TABLE V CCSltdt 
3b 
sm 
3-1-
Eu 
Od 
3+ 
3+ 
l b 3+ 
Ho 3+ 
Er 
Tin 
3+ 
3+ 
Yb 
v3-f 
3+ 
Ti 4+ 
Hf 4+ 
1.03 
9260 
2110 
2313 
7820 
8660 
8020 
3420 
4820 
9460 
1900 
183 
20 
79 
10 
28 
266 
31 
41 
70 
14 
1002 
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D I S C U S S I O N 
Niobium arsenate has h i ^ diemical s t a b i l i t y in soma 
solvents which i s in the order iMvy 4M HNOJ^  4M HCl. Thanno" 
gravimetric studies show that the order of the thermal s tab i l i t y 
for various samples i s sample 2 ^ 4 ^ 5 hydrated niobium 
pentoxide ^ 1 * In sample 2, 4 and 5 there i s no weight loss 
beyond 500^0 and in the hydrated nicbiuro pentoxide beyond 500 C. 
While in sample 1 there i s a continuous weight l o s s upto 850^0* 
The higher weight loss in sample 1 i s probably due to the higher 
ccxitant of arsenic. The higher content of arsenic i s also con-
firmed by the composition results given in Table I I I . 
The thermogravimetric analysis shows that the w e i ^ t l o s s 
in H'*' form of the exchanger i s greater than in the K*** form because 
in this fozm the removal of water molecules by condensation i s 
not possible* I t appears that the external water roolecxiles are 
removed upto 4S0^C and after the condensaticm s tar t s in niobium 
arsenate* As the niobium content decreases in the material the 
thermal s t a b i l i t y as shown by iraig^t loss also decreases, as i s 
clear from Table I I I . The hydrated niobiiim pentoxide has more 
hydroxyl groups which are eas ier to condense than the arsenate 
groups and i t s thermal s tab i l i ty i s smaller than that of arsenate. 
Cu K<.Ni f i l tered x-ray diffractograms of sample 1 and 
hydrated niobium pentoxide show the amorphoxis nature of the 
42 
materials studied. 
I t s analytical importance has been i l lus trated by 
achieving four binary separations on i t s colunsis. I t was 
observed from Fig , 9 that pKsp.r® Vs Kd i s a straight l i n e . 
This follows from the well loiown fact that insoluble substances 
(having high pKsp) have large Kd values* A large r^ means a 
small hydraticsi radius and hence a larger attracticm for the 
matrix. 
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44 
1 . H. O. P h i l l i p s and K, A, Kraua, U,S.A> Conro> Report QRNL 
IBI, 3320(1962) . 
2 . Yu. V. Bgorov, Yu. I . Sukharev and N . N . Pustovalov, 
Ot}crytiya laobrat / Prom, Obraztry, Tovamye> Znaki« 
46(3) . 22(1969) . 
3 . Yu. I . SuWiarev, Yu. V, Egorov and N, N, Pustovalov, 
Zh. Naorq. Khim. 16(4) , 1026(1971). 
4 . Yu, I . suMiarev and Yu. V, Egorov, Igy . Akad. Nauk, 
SSSR Neorg. Mater. 4(6) . 996(1968) . 
5 . Yu. I . sukharev and Yu. V. Egorov, Igy . Akad Nauk, 
SSSR Neorg. Mater. 5(12) , 2159(1969) . 
6 . Yu. I . Sukharev and Yu. V. Egorov, I z v . Akad. Nauk, 
SSSR Neorg. Mater. 7(2) , 270(1971) . 
7. Yu. I . suWiarev and Yu. V. Egorov, I z v . Akad. Nauk, 
SSSR Neorg. Mater. 7(9) , 1948(1971) . 
8 . N. H. Furman, Standard Method of caiemical Analysis 
6 Ed. 1, 1026(1971) . 
9 . G. E. E. Lundoll and J . I , Hoffman, Outl ines of Methods 
of Chemical Analys i s , Wiley, New York, p . 117, 1958. 
10 . G. E. F , Lundell , W. F . Hil labrand, J . I . Hoffman and 
H. A. Br ight , Applied Inorganic Analys i s , Wiley, 
New York, 2nd Ed, p . 120, 1953. 
1 1 . E. B . Sandel l , Coloriroetric Determination of Traces 
of Metals , In tarsc i ence , New York, 3rd. Ed. p.687, 1959. 
12 • E. B . Sandell, Colorimetric Determlnaticxn of Traces 
of Metala, Interacience, New York, 3rd Bd, p. 287, 
1959. 
13. E. B, Sandell, Colorimetric Determination of Traces 
of Metals, Interacience, New York, 3rd Ed. p. 874, 
1959. 
46 
C H A P T E R I I I 
ANALYTICAL APPLICATIONS OF NIOBIUM ARSENATE 
Ion oxehangers based on niobium and tantalum have received 
very l i t t l e a t t e n t i o n . This i s rather xanfortunate/ s ince niobitim 
and tantalxun oxides are very s t a b l e in acids and hence i t i s 
p o s s i b l e that t h e i r s a l t s may a l s o have high chemical s t a b i l i t y . 
I t is# therefore , encouraging to f ind that recent ly s tud ie s have 
been made on the ion exchange behaviour of tantalum antimonate , 
2-3 4 
tantalum arsenate and of nidsium arsenate . 
Our e a r l i e r s t u d i e s on niobixim arsenate suf fered from the 
follovring l i m i t a t i o n s ! 
(i) The reproduc ib i l i ty of the synthes ized exchanger was 
not s t u d i e d . 
( i i ) The chemical d i s s o l u t i o n of the exchanger in various 
so lvent s was not i n v e s t i g a t e d . 
( i i i ) No e f f o r t was made to f ind out the e f f e c t of drying 
the sample a t various temperatures on i t s ion exchange capac i ty . 
(iv) No I . R* s t u d i e s were made to character i se the 
mater ia l . 
Al l these s t u d i e s are necessary i f an ion exchanger i s used 
as an a n a l y t i c a l t o o l . We have, therefore , re - invaat igated the 
Ion exchange behaviour of niobium arsenate. This study shows 
that niobium arsenate has reproducible ion exchange character-
istics « it has a high thermal and chemical stability and it 
is a new phase different from the parent niobium pentoxide* 
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EXPERIMENTAL SECTION 
Reagents* Niobium pctfitoxide (Poole# England) and sodium 
arsenate (Germany) were used f o r the synthes i s of niobium arse -
n a t e . SolutlcMis of metal n i t r a t e s were taken for d i s t r i b u t i o n 
s t u d i e s * Ihe n i t r a t e of rare earth metals were prepared by 
d i s s o l v i n g the oxides in O.IM n i t r i c a c i d . Niobium pentoxide 
(20 gm) was heated with 400 ml of concentrated sulphuric acid 
containing 200 gm of amroonixun su lphate . The c l e a r so lu t ion was 
d i lu ted to 750 ml to obtain a so lu t ion which was O.IM with 
respec t to niobium. 
Apparatus: An e l e c t r i c temperature contro l l ed SICO shaker, 
ELICO pH meter, Bausch and Lonb spectronic 20 colorimeter and a 
Perkin Elmer model 137 spectrophotometer were used for shaking, 
pH measurements, spectrophotometric and I . R. s tud ie s re spec t ive ly . 
Synthesis* The niobitam arsenate (NbAs) was prepared by 
mixing a c i d i c s o l u t i o n s of O.IM niobium sulphate and O.IM sodium 
arsenate in the volume r a t i o of l t 4 a t room tenqperature. A cold 
sodixam hydroxide so lu t ion was then added drop«ise with shaking 
u n t i l the ffl was 0 . 2 - 0 . 3 . The p r e c i p i t a t e obtained was divided 
i n t o two protions* One portion was allowed t o stand for 24 
hours a t room temperature (samples 1-3) and the other portion 
was refluxed with the mother l iquor for 16 hours (samples 4-6) • 
4e 
The ccmditlcms of preparation and results of various maasurements 
made on the material are summarized In Table VIZ. 
Composition» 200 mg of well powdered material was dissolved 
In 10 ml of hot concentrated sulfuric acid. Niobium was estimated 
5 6 
gravlmetrlcally , while arsenic was determined volximetrlcally . 
The results are given In Table VII. 
Ion Exchange Capacity» The ion exchange capacity was 
determined by colum method as usual. The Ion exchange capacity 
of MbAs (sample 1) towards various cations i s given in Table VIII. 
Dissolution of KbA8» To determine the so lubi l i ty of the 
exchanger in different media 0.25 gm of the exchange was shaken 
for 6 hours with 25 ml of the solvent at 30 j^ 1®C. After 
7 o 
removal of undissolved material niobivira and arsenic in the 
f i l t r a t e were determined colorimetrlcally. The results are 
shown in Table IX. For comparative study the results of NbAs 
with other arsenates are given in Table X. 
Heat Treatment» The ion excihange capacity of sample 1 
heated at different temperatures in e l e c t r i c furnace for 1 hour 
was determined. The results of NbAs with other arsenates are 
plotted in Fig . l o . 
I . T. studies: I . R. spectra were taken by I®r disc method 
5u 
and are represented in F i g . 1 1 . 
D i s t r ibut ion Coeff ic ients» Molar d i s t r i b u t i o n c o e f f i c i e n t s 
of 31 metal icms in d i f f e r e n t concentrat icns of HNO.« NH.MO. and 
in DMW were determined* The t o t a l vol\uae of concerned so lvent 
was 25 ml and the exchanger was 0 .25 gm. Al l the cat ions were 
determined with 0.002M EOTA. The r e s u l t s are given in Table XI. 
S e p a r a t i o n t For separation s t u d i e s , 2 gm of NbAs in H"^  
form was f i l l e d in a buret te having an inner diameter of 0 *4 cm 
with a g l a s s wool support. The column length was 4 em. The 
flow rate in separation was 0 . 5 - 0 .60 ml/min. The r e s u l t s are 
summarized in Table XII and in F i g s . 12 and 1 3 . 
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TABLE VIZI 
Zon Exchange Capacity of Reproducible Niobium 
Arsenate (Sample 1) Towards Various Cations. 
S.NO. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
Metal Zon 
L i * 
Na"*" 
K* 
Mg2+ 
C a 2 * 
s r 2 * 
B a 2 * 
X e£« eC • 
(meq/gnO 
0 . 6 8 
0 . 8 8 
0 . 9 8 
0 . 8 0 
0 . 8 4 
0 . 8 8 
0 . 9 4 
Hydrated 
r a d i i A® 
3 . 4 0 
2 .76 
2 . 3 2 
7 .00 
6 . 3 0 
-
5 . 9 0 
TABLE IX 
Disso lut ion of Reproducible Hic^iuin Arsenate (Sample 1) 
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DHW 
4H HNO. 
4M H C l 
4M H - S O . 2 4 
IM CH COOH 
IM HCOOH 
IM (COOH) J.2H 0 
IM T a r t a r i c Acid 
IM C i t r i c Acid 
O.IM NaOH 
n--6utanol 
IM NH OH 
IM NH^NOj 
DMFM 
IM C H j COOHa 
DMSO 
DMW 
DMSO 
DMFM 
Kb (rag/l) 
0 .00 
1.50 
2 .50 
120.00 
1.00 
3.04 
Completely d i s so lved 
475.00 
27.50 
Completely d i s s o l v e d 
0 .00 
880.00 
0 .00 
0 .00 
2.00 
0 .00 
As 
m Demineralized water 
m Dimethyl sulpho 
(lag/l) 
11.50 
47.50 
81 .24 
156.24 
31.25 
39.75 
7.50 
200.00 
0 .56 
647.50 
5 .50 
0 .16 
30.00 
0 .48 
oxide 
m Dimethyl Formamide 
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TABLE X 
C3i«raical Dissolution of Various Arsenates 
Exchanger 
Niobium arsenate 
2 
Tantalum arsemate 
(sample T(A) 
9 
Titanium arsenate 
(Sample 3) 
Tin arsenate 
(Sample 5) 
cnironium arsenate 
12 Ferr ic arsenate 
13 Cerium arso ia te 
14 
Zirconium arsenate 
15 Thorixim arsenate 
Chemical d i s s o l u t i o n (mg/1)/molarity of the 
so lvent 
DKW 
5.75 
7.00 
4.28 
2 .50 
1.60 
Stable to 
hydro lys i s 
-
Stable to 
hydrolys i s 
™03 
24.25 
4M 
parently t 
33 
2M 
17.25 
4M 
DC 
23.6 
O.IM 
-
tm 
HCl 
41.87 
4M 
-
223 
4M 
DC 
-
-
« K 
Stable upto 1 nonml 
mineral a c i d s . 
Chemical dissolution 
m tag (As) d i s so lved / l i t re of solvent, 
•f rag (metals) d i s so lved / l i t re of solvent 
2 
DC Dissolved completely. 
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DISCUSSION 
As reported In Chapter II the niobium arsenate prepared 
in the NbiAs rat io of l i 4 shows maximum s t a b i l i t y ; therefore 
a l l the samples was prepared in th i s ratio to study the repro-
ducibi l i ty and other analytical aspects . The conditions of 
preparaticm and the results of ion exchange capacity together 
with the distribution coeff ic ients of 3 metal ions are represen-
ted in Table VII. These resi i lts show that the different samples 
prepared are <|uite reproducible. The ion exchange capacity 
varies frasa 0.68 to 0.90 maq/gra and 0.82 to 0.84 meq/gm for un-
refluxed and refluxsd samples respectively. The composition 
results and Kd values are also reproducible within the experi-
mental error range* and hence a l l the studies were performed on 
the sample X which shows reproducibility and esdiibits highest 
ion exchange capacity. The Table VIII reveals that ion exchange 
capacity decreases as the radii of hydrated ions increases. 
The results of dissolution of niobium arsenate in 16 
different solvent systems are summarized in Table IX. The 
so lub i l i ty of exchanger i s high in complex forming acids and in 
basic media while in many other solvent systems the exchanger 
i s fa i r ly stable* I t i s interesting to compare the chemical 
dissolution of niobium arsenate with the other arsenate exchangers 
This i s done in Table X. The following points ^nerge from the 
6 A 
study of this table. In doinlnerallzed water almost all the 
exchangers are stable. In 4M HNO^« niobliim arsenate is second 
to In arsenate^ In 4H HCl niobium arsenate is the most stable 
vhile chromium arsenate dissolves completely. The dissolution 
o£ ferric arsenate was not studied but as it is similar chromium 
arsenate it may also dissolve completely* 
The effect of temperature on the capacity of the various 
o 
arsenates is given in Fig. 10. This shows that at 400 C the 
order of the ion exchange capacity is 
SnAs^^^ NbAs > TlAs^ » TaAs^^ FeAs^^ 
"nils mater ia l shows good ion exchange capacity upto 400 C bu t 
above t h i s temperature the capaci ty f a l l s gradually and becomes 
n e g l i g i b l e . 
The I . R. spectra of niobium pentoxide# sodium arsenate 
and of niobium arsenate a r e presented in F i g . 1 1 . The peaks with 
maxima a t 3500 cm" , 3000 - 2900 cm"* and 1640 - 1600 cm* 
correspond to s t reching Irlbrations of i n t e rna l water and OH 
groupe p^di-O) or (OH) J , s t reching vlbraticai of coordinated 
water r> « ^^2°^1 **^ *^  ^^^ *^ deformation of water C^", (HO) J . 
The broad peak in the I . R. spectrum of hiobium pentoxide between 
1400 - llOO cm" i s due to strecdiing v ibra t ions of M-O bonds 
y ^ (Nb - O) J and the pealcs a t 840 - 800 <3n~* i s the spectrum 
of sodium arsenate and niobium arsenate are due to deformation of 
6i 
arsenate icxna \ ^ 2 t^sO^)" j . 
The I . R. spectrum of niobium arsenate revea ls three 
new peaks a t 1480, 1400 and 580 cm"^ which are not present in 
the spectrum of sodium arsenate and the spectrum of niobium 
pentoxide. The f i r s t two peaks correspond to s treching v i b -
rat ions of Nb 0 and the th ird one correspcxid to As 0 bonds. 
I t i s c l e a r from t h i s comparative study of the I . R. spectra 
that niobium arsenate i s a new phase and not a mixture of niobium 
pentoxide and sodiiun arsenate . 
The Kd values of 31 metal ions in d i f f e r e n t so lvent s a t 
33 ± 2**C are reported in Table XI. These r e s u l t s reveal that Kd 
values increase with increase in pH and decrease with the increase 
in the ccaicentration of NH.N0,, 
3+ 3* 
There i s large differentje in the Kd va lues of Ce * Lu , 
Y *^^ , Ib^*, Tra^ * and Mn^*, Ni^* V^ "^  and Fe^" ,^ in IM HNO. and in 
IM NH^NOj. Eight binary quant i ta t ive separat ions have been 
s u c c e s s f u l l y achieved on the columns of niobium arsenate . The 
e l u t i o n pat ter i s p l o t t e d in P i g . 12 and 13 and the quant i ta t ive 
r e s u l t s are given in Table XII . 
The separations were achieved on sample 1 end weie repeated 
on sample 3 to check the r e p r o d u c i b i l i t y . The separations are 
quant i ta t ive and the maximum error i s 5%, 
6b 
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C H A P T E R - IV 
CATION EXCHANGE EQUILIBRIUM STUDIES ON NIOBIUM ARSENATE. 
Studies on s y n t h e t i c inorganic ion exchangers are 
continuously increas ing because these materials are b e t t e r than 
the organic res ins with regard to s e l e c t i v e l y and s t a b i l i t y 
a t h igher temperatures. I t i s therefore i n s t r u c t i v e t o inves -
t i g a t e the ion ex^ange e q u i l i b r i a of these mater ia l s a t d i f f e -
rent temperatures* A nuii^er of ec^uilibrixim s t u d i e s have been 
reported on z e o l i t e s and on the d i f f e r e n t phases of zirconitiro 
1—9 phosphate but no such s t u d i e s have been reported of Nic^ium 
arsenate . 
Ion exchangers based on niobium and tantalum are probably 
the l e a s t i n v e s t i g a t e d . The synthes i s of and the ion exchange 
s t u d i e s on tantalum antimonate / tantalxim arsenate ' and 
13 
niobium arsenate have been reported. To understand the ion 
exchange phenomena and to explain the s e l e c t i v i t y exhibi ted by 
niobium arsenate i t i s useful to i n v e s t i g a t e the various aspects 
of exchange e q u i l i b r i a in c te ta i l . The present report sumnarizes 
the thermodynamic studies for Na^-H*, K^-H*, Mg^ -^H"*", Ca^^-H*, 
Sr -H , and Ba -H exciiange on niobium arsenate a t 30« 50 
and 70°C. 
6S 
EXPERIMENTAL SECTION 
Niobium pentoxida (B. D. H. Poole England) and sodium 
araenata (Riedel German) , Niobium pentoxide was d i s so lved in 
s u l f u r i c acid containing airmonium s u l f a t e as reported e a r l i e r . 
Niobium arsenate (Nb/As « 1*79) was synthes ized by mixing O.IM 
niobium sulphate and o.lM sodium arsenate s o l u t i o n s in the 
voliime r a t i o of I t4 a t pH 0 . 2 . The material was s i eved so that 
the p a r t i c l e s i z e between 50 and 100 mesh. The hydrogen form 
was prepared by treatment with 2 - ^ ^^^3* ^ ® material was then 
converted to the respec t ive metal i.<x\ forms by p lac ing tiie 
material in O.IM s o l u t i o n s of metal ch lor ides for 24 hours 
with in termi t t ent replacement of the s o l u t i o n . Al l samples were 
washed free from chlor ide ions and dried to ccsistant weight a t 
40^C in an incubator. 
The water contents of d i f f e r e n t m e t a l l i c forms of the 
exchanger %iere measured by heat ing to constant weight in an oven 
a t 220^0 for 2 hours. The exchange capacity was determined by 
e l u t i n g with IM a l k a l i n i t r a t e s and 0.5M a l k a l i n e earth 
c h l o r i d e s . The r e s u l t s are given in Table X I I I . 
In the e<3uilibration experiments 0 . 5 gm niobium arsenate 
in the hydrogen form was shaken with 50 ml of a so lu t ion con-
ta in ing n i t r i c ac id and metal n i t r a t e s . The i o n i c strength was 
7u 
0.18M wltii respect to alkali metal nitrates and O.IM with 
respect to allcaline earth metal Ions, ^ e contents was shalcen 
for 8 hours. 
Itie determination o£ Na and K was carried out by MMIL 
FlaEie Photc^seter. Mg, Ca, Sr and Ba were determined by 
t i trat ion against standard EDTA solution using Srlochrome 
black T as the Indicator. The results are given In Tables 
XIV - XIX. 
Reversibil ity experiments were performed by equilibrating 
the exchanger In the metal form with Oi2N HNO. at the respective 
temperatures for 8 hours. The results are plotted In Figs . 14-19 
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TABLE XIV 
S e l e c t i v i t y C o e f f i c i e n t s , S o l i d Phase A c t i v i t y C o e f f i -
c i e n t s and Ihermodynamic &<|uilibriviin Cons tant f o r 
Ha"^  «> H*** on Kiobium A r s e n a t e a t 30 ;f 2^C. 
^ a ^ a ^ ^H ^ a ^ ^^'^M 
0 . 0 3 2 0 . 0 0 2 0 . 0 6 9 3 - -
0 . 0 5 4 0 . 0 6 5 1 .2180 0 . 9 8 1 .03 1 .236 
0 . 0 7 5 0 . 1 1 2 1 .5550 0 . 9 6 0 . 7 8 1 .216 
0 . 1 1 0 0 . 1 3 0 1 .2090 0 . 9 9 l . O l 1 .210 
0 . 1 5 8 0 . 2 1 5 1 .4590 0 . 9 7 0 . 8 6 - 1 .205 
0 . 2 3 1 0 . 2 5 5 1 .1400 0 . 9 8 1.02 1 .203 
0 , 2 9 7 0 . 3 3 5 1 .1650 0 . 9 7 1.12 
0 . 3 6 0 0 . 3 9 0 1 .1370 0 . 9 4 0 . 9 6 1 ,168 
0 . 5 1 8 0 . 4 9 0 0 . 1 1 4 0 . . 
0 . 6 8 9 0 . 6 0 9 0 . 7 0 3 3 0 . 6 3 1 .03 1 .19« 
T;ffiLE XV 
S e l e c t i v i t y Coef f ic ients* So l id Phase A c t i v i t y Coe f f i c i en t s and 
Thermodynamic Equilibrium Constant for K*** - K*** on Niobium Arsenate 
a t 30 + 2®C. 
\ h^ 4 *H 'K "^ '^^•4 
0*034 0.040 1.1570 0.99 0.52 0.6148 
0.080 0.050 0.6052 0.95 0.67 
0,117 0,075 0.6120 0.95 0,82 0.5508 
0.163 0,082 0,4586 0.94 l ,o8 0.5249 
0.250 0.110 0.3708 0.94 1.49 0.5872 0.5702 
0.332 0.150 0.2483 0.89 1.93 0.5562 
0.425 0.162 0.2616 0.83 1.81 0.5705 
0.516 0.180 0.2059 0.81 2,20 0.5734 
0.652 0.350 0.2875 0.81 1.72 0.5856 
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T;«L& XVZ 
Selectivity Coefficients* Solid Phase Activity 
Coefficients and Thermodynamic Equilibrium Constant 
for Mg^* - H"*" on Niobium Arsenate at 30 + 2°C. 
\ ^ ^ ^ \ ' ^ - ^ * - • < ' 
0.169 0,047 0.021 0.70 5.12 0.2193 
0.286 0.074 0.169 1.002 1.12 
0.426 0.080 0.0825 0.84 2.00 0.2337 
0.503 O.lOO 0.0492 0.82 3.40 0.2393 0.2513 
0.579 0.111 0.0524 0.62 3.43 0.2673 
0.633 0.127 0.0489 0.75 2.23 
0.672 0.137 0.0391 0.68 3.34 0.2480 
0.686 0.156 0.0423 0.70 3.05 0.2538 
0.688 0.194 0.0574 0.76 3.00 0.2979 
0.721 0.194 0.0044 0.48 6.98 
TABLE XVII 
S e l e c t i v i t y C o e f f i c i e n t s , So l id Phase A c t i v i t y 
Coef f i c i ent s and Thermcdynamic Eqxiillbrlitin 
Constant for Ca -H* on Niobium Arsenate a t 30+a°c 
75 
Ca ^ a ' ^ "n Ca •r Av.^ ' 
0.286 0.075 0.1625 
0.428 
0.686 
0.110 0.1093 
0.537 0.126 0.0730 
0.633 0.126 0.0367 
0.638 0.155 0.0407 
0.656 0.184 0.0505 
0.195 0.0424 
0.688 0.232 0.0593 
0.714 0.232 0.0471 
0.724 0.250 0.0403 
0.92 
0.70 
0.70 
0.66 
0.65 
0.64 
0.68 
0.64 
0.59 
0.52 
1.02 
1.50 
1.84 
2.89 
2.82 
2.30 
2.90 
2*20 
2.10 
1.82 
0.2465 
0.2743 
0.2439 
0.2719 
0.2902 0.2685 
0.2658 
0.2841 
0.2711 
TABLE XVIII 
S e l e c t i v i t y C o e f f i c i e n t s , So l id Phase A c t i v i l ^ 
Coef f i c i ent s and Thermodynamic Equilibrituii 
Constant for s r -H on Niobitira Arsenate a t 30+2°c 
'^sr ^sr 4^ h hr ^'^ ^^ -^ ^ 
0.250 0.081 0.2397 0.95 1,20 0.3981 
0.378 0.126 0.1781 0.94 1.35 
0.436 0.158 0.1388 0.88 2.06 0.3684 
0.525 0.184 0.1347 0.86 2.10 0.3824 
0.562 0.212 0.1308 0.88 2.30 0.3887 
0.600 0.224 0.1128 0.80 2.20 0.3877 0.3868 
0.628 0,250 0.1268 0.83 2.10 0.3770 
0.646 0.269 0.1283 0.74 1,60 0.3750 
0.666 0.293 0.1307 0.80 2«10 
0.694 0.293 0.1119 0.74 2.05 0.4165 
TABLE XIX 
S « l Q c t l v l t y C o e f f i c i e n t s * s o l i d Phase A c t i v i t y 
C o e f f i c i e n t s and Thermodynamic Ecjul l lbrium 
Cons tant f o r Ba^ '**-H''" on Nicjbixjon Arsenate a t 3©+2°c 
'^ Bi ^ , 'H % , 
t ^ a Kjj AV 
• ' ^ ' 
0.091 0.056 0.7441 
0.205 0.069 0.3705 
0.340 0.109 0.1991 
0.392 0.135 0.1994 
0.438 0.151 0.1826 
0.453 0.176 0.2121 
0.555 0.179 0.0957 
0.592 0.211 0.1193 
0.623 0.240 0.1275 
0.654 0.264 0.1237 
0.678 0.288 0.1142 
0.97 
0.95 
0.84 
0.87 
0.83 
0.83 
0.81 
0.74 
0.78 
0.72 
0.66 
0.75 
1.266 
2.14 
2.26 
2.45 
2.36 
4.20 
2.86 
3,19 
3.20 
2.31 
0.5974 
0.5142 
0.6027 
0.5793 
0.6339 
-
0.6182 
0.6223 
0.6676 
-
0 .6026 
0 .6042 
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DISCUSSION 
The ic«i ©xchang* capacity and the water content values 
for the Ma« K, Mg, Ca« Sr and 6a forms of the Ion exchanger ara 
given in Table XIII* The water content in a l l the s i x forms 
decreases as the hydrated radii of the ions decrease* I t 
indicates that metal icms enter into the matrix in the hydrated 
form and the marlced difference in the ion exchange capacity i s 
due to the difference in the hydration nxuitoer of the ions . A 
similar behaviour has also been observed by other workers in the 
14 
case of zirconium phosphate * 
Ion esKihange ectuilibriura studies ara given in Tables 2-7 
and the isotherms are plotted in Fig . 14-19. The ion exchange 
reaction can be written as 
nRH • K"**" - ^ RnM + nH"*" (1) 
in which R represents the niobium arsenate matrix. The selec-
tivity coefficient is given by 
SL. m , ;;; -— (2) 
where X^ and 3^ refer to the mole fractions of the metals and 
the hydrogen i<ais in the exchanger phase and TL. and X, refer 
to the corresponding mole fractions in the solution phase. 
The thermodynamic equilibrixira constant of the above reaction 
may be written in terms of the ac t iv i ty coeff ic ients f 
^ - -^.fc—) . , , ,n • JiJ 
^ ^ 
(i„) H5 
I 
H -M 
H ( I , ) -
iv! (3) 
f, M 
The ratio of the activity coefficients in the solution " H > 
wil l be close to xinity at constant ionic strength. This 
rat io in the exchange of alkaline earth metal ions has been 
confirmed by the well known D€^ye-4iuckle l imiting equation for 
the solution {i^ase ac t iv i ty coef f ic ients i . e . 
8b 
^^10^ - A.z^.z^. ( y)' (4) 
where A refers to the Debye«-Huckle constant and p. i s the ionic 
strength. Z and Z refer to tiie charges of the ions in the 
solut ion. Hence K | i s obtained by the formula 
^ 
S M 
H 
I (5) 
The solid phase activity coefficients have been calculated as 
follows^^. 
Infj, m - (1-Xj,) InS + J Ins dX^ (6) 
and 
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I n ^ - J^lna - i InS . d5^ (7) 
o 
Ihe so l id phase ac t iv i ty coeff ic ients and thennodynanilc 
aqulllbrluffl constants have been calculated for the exchange 
of hydrogen Ion with Na*, K"*", Mg^ "*", Ca **", Sr ^ and Ba **" Ions. 
The resul ts are given In Tables XZV - XIX for exchange a t 30^C. 
The values of I^ for the exchange at 50 and 70^C are plotted 
In F ig , 20, The thenaodynamlc equilibrium constants Increase 
as the temperature Increases but tinls trend Is reversed In the 
K"^  - H* exchange. 
With the help of I^ the free energy changes ( ^ G*^ ) for 
the Ion exchange xreactlon have been calculated as 
AG" . - ^jjST_ , „ ^ ,e, 
where R Is tlie gas constant, Z^, and ZL. are the valences of 
the competing Ionic species and T Is the absolute temperature. 
The resul ts are given In Table XX. A comparison of A G° values 
for the various alkaline earth metal Ions and their respective 
hydrated radii reveals that A G° varies with the s i ze of Ingoing 
cation and A G i s larger for the ion having thie greater 
hydrated radius. 
The AH** values have been calcxilatad following tiie roathod 
of Larsen from the plot of ^OSFIQ^ a g a i n s t - 4 - . The results 
88 
are presented in Table XX. The AH® values suggest that the ion 
exchange o£ Na'*' and K* take place with an absorption of heat 
while the exchange of Mg *, Ca '*', Sr , and Ba take place with 
an evolution of heat* 
The change i s the entropy value has been calculated by the 
following expressions 
AG** m AH° - T A S® (9) 
and the entropy difference between the corresponding ionic forms 
of the exchanger^ S-y can be given as 
where sj ^^^ sj refer to the aqueous ionic entropies (17). The 
resxilts are given in Table XX. 
Table XX shows that /\ S and A. s^^ for the exchange 
reaction increase as the hydrated radii of the ingoing icms 
decrease. There is a marked difference between A §_„ values 
sx 
of Mg ^ and Ba so this mic^t be concluded that the separation 
of these two ions i s possible on the columns of nic^ium arsenate. 
I t also indicates that Z^  S® values of the system decreases as 
the uptake of the ton increases. 
A signif icant negative contribution of J\ S° results from 
the replacement of a cation of high s in the external aqtieoiis 
8; 
phase by one of a lower S^ In the exchanger phase. The magni-
tude of entropy contribution from water transfer i s mainly 
dependent upon the water structure in the exchanger i . e . 
whether i t i s more or l e s s coordinated. The small entropy 
change may also be due to the decreased volume available for 
the hydra ted icm. 
18 In zirconium phosphate , the s e l ec t iv i ty order near 
room temperature i s Cs "> Kb ^  K ^ Ma but in the present study 
niobium ars^xate prefers Ka"^  to K"*" and this material shows the 
s e l ec t iv i ty sequence for alkaline earth metal ions as Ba^ Sr> 
Ca > Mg and this order remains lanchanged at higher tempera-
tures . The study of isotherms (Figs. 14-19) shows that in 
Ha'*' - H'*' and K*^  - H'*' exchange hysteresis loops are observed 
while in the remaining exchange isotherm tiiere are no loops 
and the back t i trat ion follows closely the forward t i t ra t ion . 
I t therefore appears this substance i s selectiive for Na"^  ions 
which can be separated from K'*' ions and other alkaline earth 
metal ions . 
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C H A P T E R - V 
THB SYNTHESIS AND ION EXCHANGE PROPERTIES O? A SSMICRSTSTALLINS 
NIOBIUM ANTIMC^ATI 
The synthe t i c inorganic Ion exchangers are f inding increa-
s ing appl i ca t ions in the so lu t ion of problems in the f i e l d of 
inorganic/ nuclear and organic chemistry owing to t h e i r res i s tance 
t o hea t and r a d i a t i o n s . They may prove t o be Important in b i o l o -
g i c a l and medicinal chemistry« due to t h e i r high s e l e c t i v i t y . 
Although considerable work has been done on these materials s t i l l 
a few aspects need some e luc idat ion i,e», amozrphous materiftls 
sometimes show a lack of reproduc ib i l i ty / d i s s o l v e s i g n i f i c a n t l y 
in theeLuents# and are not s tab le a t high temperatures. 
The oxides of Nb and Ta are known for t h e i r chemical and 
thermal iner tness and hence t h e i r s a l t s may a l s o prove to be 
superior in these a s p e c t s . We have been try ing , therefore , to 
make a systematic study of the ion exchange behaviour of these 
1 2 
substances . Studies on niobium arstfiate » tantalum antiroonate 
3 4 
and tantalum arsenate'" have been published r e c e n t l y . In t h i s 
chapter we describe our f indings on the ion exchange behaviour 
of s emicxys ta l l ine niobium antlmonate regarding i t s reproducibi-
l i t y , chemical d i s s o l u t i o n and thermal s t a b i l i t y . 
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EXPERIMENTAL SECTION 
Raaqentai Niobium pentoxide and antimony pentachloride were 
of B. D. H. Poole England, All other reagsnta were o£ Analar 
grade* Die preparation of niobium solution i s as reported in 
Chapter I I I . 
Apparatus t The following instruments were used Bausch and 
Lonto spectronic 20 coloriroster/ Elioo pH meter Model Li-10/ 
Phil ips x-ray unit# Perkin Eimar spectrophotometer^ Dupont 900 
and 950 thermal analyasers^ and Electr ic Sico shaker. 
Synthesis t 
a) Synthesis of Niobium Antimonate (NbSb) t The samples 
were prepared by mixing acidic solutions which were O.lM in 
niobium and O.lM in antimony in the volume rat io of l t2 at room 
temperature. The NaOH solution was added to the mixture with 
ec«i»taait shaking unt i l l the pH was nearly one. The precipitate was 
divided into two parts/ one part was allowed to stand at room 
temperature for one day (Sample AT.) and the other part was re-
fluxed with the mother liquor for 20 hours (Sample AT^ } . The 
AT sample was dried at 40*^ 0 and refluxed in 6^ H.SO. for 
* 2 4 
24-30 hours to obtain sample AT^  and the AT. was obtained by re-
fluxing sample AT^^ at 40®C in 6N H.SO^ for about lOO hrs . In order 
to cbtain sample AT^ the precipitate of niobium antimonate was washe< 
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t i l l the pH of niobium antimonata f i l t r a t e was 6. The precipi-
tate WM refluxed in 6N sulphuric acid for 24-30 hours. 
Samples AT.« AT. and AT^ were successively washed with 2N H S^O ,^ 
0.5N H.SO. and demineralized water. They were then dried at 
40^C. Finally these samples were converted into the H*** form 
with di lute nitJclc acid as usual. 
b) Synthesis of hydrated antimony pentoxidet A con-
centrated solution of NaOH was added to O.IM antimony penta-
chloride solution to a pH of one. The precipitate so obtained 
was washed, f i l tered and dried at 40**c. This dried product was 
refluxed with 6N H so . for 24-30 hours. The sample was washed 
successively with 2N H^so^, O.SM H^SO, and demineralized water. 
2 4 2 4 
c) Synthesis of hydrated niobium pentoxidei A c<»i-
oentrated MaOH solution was added to the O.IM niobium soluticm 
till the pH was one. The stibsequent treatment was the same as 
in the synthesis of hydrated antimony pentoxide. 
Ion exchange Caps city i The ion exchange capacity of various 
niobium antimonate (NbSb) samples# hydrated antimony pentoxide 
and of hydrated niobium pentoxide was determined by the column 
methods. The results are summariaad in Tables XXZ and XXII. 
The ion exchange capacity of hydrated antimcxiy pentoxide and of 
nicbitim pentoxide was 1.80 and 0.68 meq/gm respectively. 
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Composition I 200 mg of well powdered NbSb was dissolved in 
25 ml o£ hot concentrated sulphuric acid* Antimony was precipi-
5 
tated from the solution as sulphide and estimated volumetrically 
6 The niobium was determined gravimetrlcally with cupferron as 
reported in Chapter I I , The restilts are given in Table XXI. 
Dissolutiont To study the chemical s t a b i l i t y 200 rag of the 
material was shakm with 25 ml of the soluticsn concerned for 6 
hours. After removal of \mdlssolved material niobium and ant i -
mony were determined in the f i l t r a t e with the potassiiim thJtocy-
7 8 
anate ether extraction and Rhodamine-B methods respectively. 
The results are given in Table XXIII. 
X-^ rav Studies! X-ray dlffractograms were taken tising Cu K^ , 
nickel f i l tered radiations. The results are given in Table XXIV 
and dlffractograms are shown in Fig . 21. 
I . R. Studies» I . R. spectra were taken by Nujol methods. 
The spectra are shown in F igs . 22 and 23. 
Thermogravlmetrlc and Differential Calorlraetric Analysisi T.o.A. 
was performed under an atmosphere of nitrogen whidi flowed at 
the rate of 400 mls/mln; the heating rate was S^C/min and time 
constant 1 s ec . Ihe dif ferential scanning calorlmetric analysis 
was performed in an atmosphere of M. as well as in a i r . The 
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re8\ilt:s ar* given in F ig s . 24 •> 26. 
Datawalnation of Distribution Goefflcient«» 250 rag of th« 
exchanger in the H'*' form was allowed to stand in 25 ml of the 
cation solution in the appropriate solvent. The cation loaded 
was equal to 3% of the total ion exchange capacity of the ex-
dianger. ihe contents were shalten intermittently. The super-
natent l i ^ i d was withdrawn and t i trated with 0.002M EOTA. The 
zesxilts are given in Table XXV. 
Drying of the Saroplf i Niobium Antiraonate sample (AT ) was 
dried in an e l e c t r i c furnace in a ir for one hour at each tempe-
rature. Ihe results of NbSb with other antiraonates are plotted 
in F ig , 27. 
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TiCLE XXZI 
Ion exchange e a p a d ^ (meq/gm) of Niobium Antlmmates for 
various cati(»as 
Sample N o . 
C a t i o n s 
L i * 
N«* 
K+ 
Mg2 + 
Ca^* 
s r 2 + 
Ba2+ 
AT-
0 . 3 6 
0 . 8 4 
0 . 9 6 
0 . 4 4 
0 . 6 6 
0 . 8 6 
1 . 1 0 
AT3 
0 . 4 4 
1 .10 
1 .66 
0 . 4 6 
0 . 7 0 
0 . 7 6 
1 . 0 0 
AT5 
0 . 5 0 
1 . 2 0 
1 . 2 0 
0 . 4 0 
0 . 5 6 
0 . 8 0 
1 . 2 0 
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TABLE XXV 
Kd V a l u e s a t pH 1 (O.lM HNO^ ) 
Samplos Kb-Skb Hydrated Hydrated 
« A.I AT, S b - 0 - Nb^O-
C a t i o i s 3 2 5 2 5 
Mg2* 
Ca2+ 
sr2+ 
Ba2+ 
Cu^-^ 
Zn^-^ 
Cd2+ 
Hg2^ 
Pb2+ 
N i ^ * 
Al3+ 
Ga^* 
In^* 
F . 5 + 
Y 3 * 
L a ' * 
C ^ * 
G d ' * 
Th** 
Y5+ 
2 . 8 5 
1 7 . 5 0 
2 3 . 3 0 
2 8 0 . 0 0 
2 5 . 8 6 
37 .50 
3 9 . 2 4 
4 1 0 . 0 0 
1 0 6 6 . 6 7 
2 6 . 6 7 
1 6 0 . 0 0 
325 .00 
2 7 1 . 4 5 
2 8 5 . 7 2 
3 0 . 0 0 
5 0 . 0 0 
2 0 . 0 0 
3 4 . 4 8 
9 5 . 0 0 
2 6 0 . 0 0 
1 . 4 0 
1 2 6 . 6 7 
196 .00 
4 7 0 . 0 0 
-
-
-
6 8 3 . 3 4 
1 4 5 0 . 0 0 
2 1 8 . 2 0 
1 4 0 . 0 0 
-
-
308 .00 
mm 
-
1 7 6 . 8 0 
-
350 .00 
5 0 . 1 1 
0 . 0 0 
0 . 0 0 
4 . 6 2 
6 2 . 2 0 
2 . 8 8 
2 . 9 5 
0 . 0 0 
3 7 0 . 0 0 
4 2 5 . 0 0 
1 2 . 9 0 
0 . 0 0 
1 7 . 5 0 
4 . 4 5 
2 2 . 0 8 
1 0 . 7 6 
2 . 0 4 
0 . 0 0 
0 . 0 0 
5 0 . 0 0 
142 .86 
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Figure 27 Loss of ion exchange capacity of various 
antimonate-
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DISCUSSION 
I t i s clear from Table XXI that even though the mixing 
ratio of the two reagents i s the same in a l l the £ive samples 
of niobixun antimonatt, the niobixim to antimony ratio of the 
samples vary from 0.889 to 1.839. This difference i s due to 
the different procedures followed in the five synthesis . 
Refluxing in 6N stUphuric acid improves the reproducibility 
of the material (Sample AT J . Ttilu i s probably due to the fact 
that i n i t i a l l y the material consists of a nuntoer of phases but 
after refluxing i t becomes more homogeneous. The reproducible 
behaviour of the samples was checl<ed by the detezmination of 
distribution coeff ic ients of Mg ''", Al "*" and Th **". I t was found 
that the deviation was within the experimental error. The 
results are given in Table XXI. 
The chemical dissolution of niobium antimonate i s shown 
in Table XXIII. All the five samples of Mbsb are chemically 
s tab le . The sequence of s tab i l i t y in demineralized water and 
in mineral a d d s i s AT-\ATg\AtjSAT«N AT-. This sequence indi-
cates that refluxing in sulphuric acid improves the s t a b i l i t y . 
Kiobiun antimonata i s l e s s stable in alkaline medium due to i t s 
conversion into i t s nicbates and in 4M HCl due to the formation 
of chloro complexes of antimony. 
The ion exchange capacity of samples AT,, AT^  and AT. for 
Hi 
various cations i s l i s t e d in Table XXII. I t i s apparent £rom 
the data that the ion exchange capacity of the cation increases 
as i t s hydrated radius decreases. This shows that ion exchange 
talces place vfith the hydrated form of the cat ion. 
CuK^Mlolcel Fi l tered x-ray diffraetograms o£ sajaaples AT.i 
AT and AT. (Fig. 21) reveal that samples AT. and AT. are semi-
crystal l ine and sample AT i s an amorphous product. Hydrated 
niobium pentoxide i s also amorphovis while the hydrated antimony 
9 
pentoxide shows some d spacings* Antiroonic acid samples pre-
pared by Zto e t a l . and Baetsle e t a l . a lso show crystal l ine 
characterist ics . A comparative study of the d values of niobium 
antimonate# hydrated antimony pentoxide and of the different 
antimonic acids i s given in Table XXIV* The d spacing* of 
niobium antimonate resenble those reported for hydrated antimony 
pentoxide and antimonic acids, ^le table shows that the maxi-
mum Interlayer distance in AT and AT i s 5.95 and 5.97 A° 
respectively • 
The I . R* spectra of niobium antimcaiate samples hT., 
AT., AT- and AT are presented in F ig s . 22 and 23. This study 
shows that their are peaks at about 1600 cm* and 75o em" in 
a l l the four samples while sample AT. and AT show peaks at 
1150 em" . The other maxima in the spectra represent the Mujol 
peaks* The maximum at 1600 cm" corresponds to the deformation 
vibrations of i n t e r s t i t i a l water and of the hydr<»cyl groups 
ll^t 
^ 1 ^ 2^^ ^ ^^^ ^^ ^^  \ ^^^ ^® maximum at about 750 csm* i s due to 
the stretching vibrati<Mi of the M-0 bonds \'>),(Nb-0, Sb-O) j . The 
ear l ier I . R. studies of cryataXline antiroonic acid by M. Abe 
12 -1 
and T« I to reveal that the maxima between 1100-1330 cm 
correspond to the deformation of Sb-OH groups| ^^ ^^b-OH) I . 
The crysta l l ine antimonic acid shows a peak a t about 1280 cm** 
but niobium antiroonate sample (sainples AT. and AT.) a t about 
1150 em' • Hence i t can be interpreted that this maximum i s only 
due to the deformation of Sb-OH groups. This study also suggest 
that sample AT i s crys ta l l ine . The shift ing in band frequency 
may be due to a difference in the crystal structures of the two 
materials. 
The peak maxima at 1600 cm" and 1150 cm" are heat 8ensi~ 
t ive and they disappear when the material i s heated only for 
o -1 
half an hour at 1000 C. The peak at 1600 cm i s l o s t dtie to 
the removal of the i n t e r s t i t i a l water molecxiles and the one at 
1150 cm" i s l o s t d\ia to the conversion of Sb (OH) g to ^ ^ 0 . and 
f inal ly to ^2^2* 
The results of therroogravimetrie analysis are plotted in 
Pig . 24. TSiis study shows that the order of thermal s tab i l i ty 
of the various samples i s AT-"^ AT^ *) A T . N A T , . AT- loses more 
o Weight upto 400 C and after this l o s s i t s w e i ^ t remains constant 
o 
upto 700 C. This fact reveals that this sample contains a greater 
o£ external water molecules and weight loss is di» to the removal 
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of water molecxiles and due to the condensation of hydroxyl groups. 
The condensation takes place between 450 and 700^0. The percent 
weight loss between 450 and 700°C as calculated from the curve 
is 0.42« 3*80, 3.30 and 1.66 for samples AT,, AT^z AT and AT. 
1 2 3 4 
respectively* Of the 4 samples studied the total weight loss on 
o heating upto 400 C i s the l e a s t for AT. and hence th is sample can 
o 
be tised safely as an ion exchange material upto 400 C. There i s 
o 
again one inflextion point in the T* G. A. curves between 900 C 
^ d lOOO^ C* The weight loss in this range i s only due to the 
conversion of Sb.O. to ^^^3 ^^ ^® optimum temperature for the 
reaction i s 930^0* Ttia percent w e i ^ t loss in this range i s 
1*27, 4.05/ 4.84 and 0.86 for ATj^ # AT^ * AT^ and AT- respectively. 
Our contention that samples AT. and AT. lose more w e i ^ t owing 
to the conversion of Sb.O. to ^9^3 ^^^" support from the fact 
that these samples have a greater percentage of Sb than samples 
AT and AT^. 
The resul ts of dif ferential scanning calorimeter analysis 
are plotted in F igs . 25 and 26. This study shows that sample 
AT i s prcbably the bes t of a l l the samples which have be«n 
studied. The removal of water of crysta l l izat ion begins at 45« 
85, 75 and 50*^ c for AT^ ,^ AT ,^ AT and AT respectively. The 
coftdensation s tarts at 200, 250 and 200^0 for AT,, AT, and AT 
2 3 4 
respectively. This analysis confirms the greater stability of 
sample AT. with respect to condensation. 
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The Ion exchange capacity of AT. on drying In a ir 
decreases with increase in temperature. The results are 
plotted in Fig . 27. The data on the other antlmonates i . e . / 
Sn , Tl , Ta , Cr , Ce , Al and of Fe are Included for 
the sake of comparison. The curves show that sample AT. i s 
second only to ferric antimonate in th i s respect. The fa l l in 
the ion exchange capacity i s due to the ccxidensation of hydroxyl 
groups at h i g ^ r temperatures. 
To find out whether the NbSb samples i s a new phase or 
only a mixture of the oxides of Nb and Sb. The Kd values of some 
metal ions were detennined on hydrated Sb^O- and hydrated Nb Og 
at pH 1. The Kd values on these sample and NbSb (AT.) are 
l i s t e d in Table XXV which shows that the uptake of ions i s d i f f e -
rent for the three samples and hence the AT^ sample i s not mix-
ture of the oxides of Nb and Sb but a new phase. This conclu-
sion i s not confirmed by the X-ray data since the d values of 
the AT. sample are the same as there of antiroonic acid. 
The study of Kd values (Table XXV) reveals that the AT 
niobium antimonate sample appears to be specif ic for separating 
2+ 2+ 
Mg from numerous metal ions . Mg i s very s l ight ly adsorbed 
and hence i t s analytical u t i l i t y regarding separations is to be 
explored 
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C H A P T E R - V I 
ION EXCHANGE BEHAVIOUR OF CR!fSTALLINE NIOBIUM ANTIMONATE TOWARDS 
ALKALI METAL IONS 
The e x c e l l e n t s tajbi l i ty towards radiat ion and high temper-
atures of the in so lub le acid s a l t s of p o l ^ a s i c metals# which a c t 
as cat ion exchangers/compensate for a decreasing chemical perfor-
mance a t h i Q ^ r pH v a l u e s . Recent i n t e r e s t has l ed to the deve-
lopment of various inorganic ion exchange raaterials. Reviews 
1 2 
by C lear f i e ld e t a l , Albert i and Costantino and Gupta and 
3 
Nowell , have been piiblished in recent y e a r s . Among a l l the ion 
exchange mater ia l s , zirccxiium phospi^ate has been e x t e n s i v e l y 
s tudied , and i s be ing used in a r i f i c i a l Icidney machines as wel l as 
4 
Other industrial processes. Antimonate gels of zirconium , 
5 6 
titanium , and tantalum have been synthesised. Due to the 
unusual selectivity for numerous metal icns/ their potential has 
been explored by carrying out quantitative binary and ternary 
separations successfully. As far as we are aware, no work has 
been reported on niobium antimonate as a inorganic ion exchange 
material. In a previous paper we have reported its synthesis and 
7 
propert ies (with, s p e c i a l reference t o the separation of Mg(II) 
from numerous metal ions) , recent ly i t s a b i l i t y t o a c t as a 
heterogeneous ind icator has been noted and i s being inves t iga ted 
fur ther . As part of our prograsBne to character ise ion-exchange 
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material Sf we report here on the Ion exchange behaviour of 
niobium antimonate for lithium, sodium, potassium and ammonium 
ions. 
lis 
EXPSRIMSHTAL SECTION 
Reagents« Al l the reagents were of Analar grade. Lithium 
hydroxide so lu t ion was standardised aga ins t O.IM so lu t ion of 
hydrocdiloric a c i d . The O.IM- metal chloride s o l u t i o n s were a l s o 
prepared in CO. free de ionised water« which were voluroetrically 
est imated by s i l v e r i i i t ra te using potassium chrc»nate as indicator . 
CO free de ionised water was used throughout the course of i o n -
exchange experiments. 
Preparation of nidbitim antiroonatet This was prepared as 
described in Chapter V (Sample AT.) . After washing and drying 
in a i r the ion-exchange material was s tored in shallow covered 
d i s h e s . 
Chemical Compositiopt The d e t a i l s of a n a l y t i c a l procedure 
i s reported in Chapter V. The molar r a t i o of niobium to a n t i -
mony was analysed as 2 t 3 . 
Ion-exchange experiments* 
(i) Column OperationI The bed of 2g. ion exchange 
material in hydrogen form was prepared in a standard ion exchange 
coltinn, t o vAiich O.IM metal chloride s o l u t i o n , was percolated 
(flow rate 1 ml mln"^), When the pH of the e f f l u e n t was iden-
t i c a l to that of e luant , the hydrogen ion l i b e r a t e d by the 
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exchanger was estimated by t i t rat ing effliient against standard 
sodium hydroxide (in a nitrogen atmospliere) . The results are 
given in Table XXVI. 
( i i ) Batch Equilibrium Operation: Each point of 
the t i trat ion curve was prepared by equilibrating (\mder constant 
shaking) 500 ng of the ion exchanger with 50 ml. of O.IM 
(MCI + MOH) solution in a tsB^peratture can trol led room (25 j^ 0.5^C) ; 
where M « Li* Na, K or NH., The rat io of OVT/Cl" was varied from 
O/O.IM to a maximum of 4.6 mill ieguivalent hydroxyl ion per gram 
niobiiun antimonate* The metal hydroxide solution was added 
using an Autcburette (ABU-13, Radiometer« Copenhagen) under a 
flow of nitrogen to exclude carbon dioxide. After ec^tuilibitun 
was attained the pH value of the supematants were measured on a 
Pye model 79 pH- meter. The results are plotted in F igs . 28 and 
29. The sol id was separated from the l iquid, washed to remove 
chloride ions and dried in a ir at room temperature. X-ray powder 
diffraction patterns of each point was obtained by a Phil ips 
x-ray \init using nickel f i l tered Cu k<^radiatic«i, The results are 
shown in Teble XXVII and XXVIII. 
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RESULTS 
TffiLB - XXVI 
COLUW ION EXCHANGE CAPACITY OF NICBIUM ANTIMC»IA'nS 
C a t i o n H y d r a t e d Zon Exchange C a p a c i t y 
R a d i i (A ) (meq. g " Niobium a n t i m o n a t a ) 
0 , 4 4 
1.10 
1 .20 
0 . 8 0 
Li^ 
Na* 
K+ 
NHt 
4 
3.4 
2.76 
2.32 
12< 
T/ffiLE - 30CVII 
X-RK£ DIFFRACTION PATTERNS OF NIOBIUM ANTIMONATK 
DXH!fDRATI 
dCA*') 
6.04 
3.15 
3.02 
2.61 
2.39 
2.04 
1.84 
1.76 
1.57 
1.50 
1.46 
1.35 
Intensity 
100 
76 
76 
16 
9 
13 
12 
9 
8 
12 
10 
10 
TABLE - XXVIII 
FIRST 'd' SPACING C3P VARIOUS EXCHANGED FORMS OF 
NIQBlUM ANTIM0NAI8 
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Cation Conversicm 
(loeq eatlcm g" Nlobiiun antlmonat*) 
^(A°) 
6.04 
hV 0.20 
0.84 
1.90 
3.60 
6.08 
6.06 
6.06 
6.06 
Na^ 0.20 
0.80 
1.80 
3.60 
6.04 
6.04 
6.02 
6.01 
K" 0.20 
0.80 
1.80 
3.60 
6.10 
6.06 
6.06 
6.10 
HH, 0.20 
1.08 
2.16 
3.80 
6.04 
6.02 
6.04 
6.04 
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D I S C U S S I O N 
Anmonitini, lithlxsn, sodltun and potassiuun ion-exchango 
po tan t ioaa t r i c t i t r a t i o n curvas ara shovnk in F i g . 28 . I t i s 
evident from the figure t ha t the potassium uptake curve shows 
tiiree pla teaus/ which i s a strong indicat ion of three protons 
of niobium antimonate possessing d i f f e r en t pk values* However, 
niobitim antimonate displays a wide range of a c i d i t i e s with 
sodium, l i th ium and ammonium ions since they produce an i l l -
defined s ingle plateau in the t i t r a t l cx i curves, (cf. F i g . 28) . 
The f igure a lso i l l u s t r a t e s t ha t the order of uptake of ions 
under inves t iga t ion i s K'*'^ Na'*')>NH^^ Li* (FH2-4) , Na"*"^  NH "^*"^  
K*)Li* (pH 4-7.5 ) and NH +^> K+>/Na*^ Li* (pH 7.5 - 11 ) . 
Equilibrium was achieved rapidly for the exchange process over 
the i n i t i a l and f ina l portlcais of the t i t r a t i o n curves/ bu t was 
slow for the intermediate ranges except for potassium ion . Thus 
the slow k ine t i cs in the middle of the t i t r a t i o n s seems to 
obscure the appearance of expected plateaus in the uptake of Li*, 
Na* and NH *. This i s i l l u s t r a t e d in F i g . 29 for the ex<diang« 
of amnonium ion, s imi la r curves were obtained for Na* and L i* . 
The order of uptake for univalent ions by ni<*ium antimonata a t 
pH range 2 - 4 follows the Hofmeistar 's lyo t ropic row. The 
reversa l of t h e i r sequence a t the pi range 4-7*5 may be due to 
slow k ine t i c s discxissed above for the disappearance of p l a t eaus . 
At higher pH values where buffer act ion due t o ammonia and 
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anmonliun chlor ide has changed the order again, the maxinniro pH 
of the a&im volume of equimolar so lu t ions of ammonia and aenno-
nium chloride would give a value equivalent to the pX value of 
ammonia (9«25) . Ihe ion^exchange react ion depends upon the 
charge and s ize of the counter ion, the l a t t e r in turn depends 
to a g rea t ex ten t on the degree of hydra t ion . This i s t rue in 
the case of ion exchange between niobium antimonata and a l k a l i 
metal ions , since the order of uptake i s proport ional to the 
increased hydrated cation r ad i i* This conclusion i s a l so sup-
ported by the fac t t h a t the order of the Kd values for the 
a lka l ine ear th cat ions on nicbium antimonate follows the order 
of increas ing hydrat ion, namely Ba ^ SrN Ca /• Mg« On the bas i s 
of chemical composition, thermogravimetric analysis^ and i . r . 
spec t ra whidi show the presence of i n t e r e s t i t i a l water molecules 
••1 ••1 1 T 
(3500 cm" ; 1600 cm" ) and hydroxyl groups (1600 cm" ) the 
formula of niobium antimonate can be postulated as shown in 
F i g . 30. The peaks a t 3500 and 1600 cm" in i . r . spect ra d i s -
appeared upon heat ing the mater ia l , which i s a fur ther confirma-
t ion of thermal analys is and ion exchange res t i l t s reported 
7 
e a r l i e r . This p ic ture i s supported by the pH t i t r a t i o n curve 
for potassium ion together with the aqueotis chemistry of nicbium 
and antiracmy. 
The theo re t i ca l ion-exchange capacity of 1 gram niobium 
antimonate would be 3.69 mi l l i equiva lent . The t o t a l ion-
exchange capacity determined by potentiorostric t i t r a t i o n s i s 
12b 
i d e n t i c a l t o that of t h e o r e t i c a l value but there i s a cons ider-
able drop in the ion-exchange capaci ty determined by column 
operation (see Table XXVZ; only 33% exchange takes place) . The 
order of uptalce of these ions in batch as wel l as in column 
operations was the same* The lower ion exchange capacity in the 
l a t t e r process may be due to the slow k i n e t i c s and/or semi c r y s -
t a l l i n e nature of the ion exchange mater ia l . Th9 slow exchange in 
l e s s c r y s t a l l i n e mater ia ls i s due part ly to the slow diffusicm of 
the counter ions . Ihe higher energy required f o r the ion exchange 
system can be suppl ied by performing the experiment a t higher 
temperature or increas ing the pH of the so lut ion^ I t was recent ly 
reported by A l l u l i e t a l that zirconium phosphate type ion 
exchange materials show a very small h y s t e r e s i s i f the temperature 
of the system was increased. Further experiments are in progress 
t o i l l u s t r a t e the statement f t i l l y . The x-ray powder cattexns of 
the hydrogen form of niobium antirocnate are reported in Table XXVII. 
They were a l s o obtained a t each s t e p of exchange with a l l systems. 
The f i r s t 'd' spacings for cer ta in exchan^d samples are a l s o 
gi^in in Table XXVIII. I t can be seen frc»n Tables XXVII and XXVTII 
that even a f t e r exchange the x-ray d i f f r a c t i o n patterns remain 
lonchanged. Therefore by comparison with ion-exchange mater ia ls 
with a l ayer l a t t i c e , these xreactiois probably take p lace , wi th-
out phase t r a n s i t i o n . This ion exchange material behaves s i m i l a r -
9 
l y t o fibrous cerium pfhosphate , 
12B 
I t i s interest ing to hote that zirconium phosphata ** 
13 and zirconium arsenate when t i trated with ammonia in presence 
of ammonium chloride« exclude ammonium ion but remove ammonia 
from the solution throu^^ the hydrogen bonding, but in contrast 
to this# niobium antimonate exchanges anmonium ion (of F ig . 29) . 
This observation together with x-ray results indicates that 
niobium antimonate, though an ion exchanger, has a different 
structure to that of zirccmium phosphate type layer l a t t i c e s . 
The results presented hei^ give an indication of the mechanism 
of the ion exchange by niobium antimonate towards alkal i metal 
ions . An exact interpretation of the exchange behaviour of 
this material must await the determination of the crysta l l ine 
structure. I t s grannular nature, excel lent chemical s tab i l i ty 
and high s e l e c t i v i t y for various metal ions points to practical 
and theoretical applications in column chromatography. 
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SUMMARY 
Eight samples of niobium arsenate with different ratios of niobium to arsenic 
have been prepared, and their stabilities and compositions have been determined. 
The results of thermogravimetry and X-ray studies are reported and compared with 
those for niobium pentoxide. The separations of Mg^^ from AP+ and Mn^+, of 
Ga^+ from AF+ and of Hg^+ from Cd^+ are achieved. A plot of pA'jp-r" vs. K^ is a 
straight line. 
INTRODUCTION 
Of the various inorganic ion exchangers that have been studied, materials 
based on niobium and tantalum are probably the least investigated. Phillips and 
Kraus' prepared niobium vanadate, which exhibits ion-exchange capacity between 
0.5 and 2.0 mequiv./g and has good selectivity towards Ce^^ and Eu "^^ . Sukharev 
and co-workers have synthesized niobium phosphate^-* and hydrated niobium pen-
toxide" •', and, for niobium phosphate, have examined conditions under which it 
shows ion-exchange behaviour; they also studied its composition. Hydrated niobium 
pentoxide, which acts as an amphoteric ion-exchange material, was selective towards 
CrjO,^^, W04^'", [Fe (CN);,]"" and MojOy^". Thermodynamic and kinetic studies 
were also carried out for the exchange of OH", Cr207^" and [Fe(CN)6f". 
A search of the literature has revealed no such studies on niobium arsenate; 
we have therefore synthesized this material, studied its ion-exchange properties, and 
demonstrated its analytical importance by achieving some difficult quantitative sepa-
rations. The ion-exchange equilibria are discussed with regard to the solubilities of the 
arsenates of the metal ions involved. 
EXPERIMENTAL 
Reagents 
Niobium pentoxide (Bhabha Atomic Research Centre, Bombay, India) and 
sodium arsenate (Riedel, G.F.R.) were used, the sodium arsenate solution being pre-
pared in 2 M hydrochloric acid. All other reagents were of analytical-reagent grade. 
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SYNTHESIS AND PROPERTIES OF NbAs 169 
Niobium pentoxide (20.00 g) was heated with 500 ml of concentrated sulphuric acid 
containing 200 g of ammonium sulphate, and the clear solution was diluted with 
water to 750 ml to give a solution 0.1 A/ in niobium. 
Apparatus 
An electric temperature-controlled S'C" Shaker, Elico pH meter, Stanton ther-
mobalance, Philips X-ray unit and Bausch and Lomb Spectronic 20 were used for 
shaking, pH measurement, thermogravimetric analysis. X-ray studies and spectro-
photometric measurements, respectively. 
Syntheses 
The samples were prepared by mixing acid solutions of 0.1 M niobium and 
0.i M sodium arsenate in the desired ratio at room temperature; sodium hydroxide 
solution was then added to the mixture with constant shaking until the pH was zero. 
The resulting precipitate was allowed to stand for 24 h in the mother liquor and was 
then washed by decantation with distilled water and filtered by suction; it was then 
dried at 40°. This dried product broke into small granules when it was immersed in 
water, and these granules were converted into the H"^  form with 2-3 M nitric acid. 
Synthesis of hydrated niobium pentoxide 
A concentrated solution of sodium hydroxide was added dropwise to the 0.1 M 
niobium solution until the pH was zero; the resulting precipitate was allowed to stand 
for 24 h. 
Ion-exchange capacity 
The ion-exchange capacities of the various samples of niobium arsenate were 
determined by the column method, the ion-exchanger (H"^  form) being placed in a 
column with a glass-wool support. The results are summarized in Table I. The ion-
exchange capacities of the hydrated niobium pentoxide synthesised as described above 
and of that obtained from the manufacturers were 0.65 and 0.12 mequiv./g, respec-
tively. The ion-exchange capacity of sample No. 1 of the niobium arsenate for different 
cations is shown in Table II. 
Composition 
A 200-mg portion of the well-powdered niobium arsenate was dissolved in 
10 ml of hot concentrated sulphuric acid, and arsenic in the resulting solution was deter-
mined volumetrically"; niobium was determined gravimetrically by precipitation with 
cupferron"' from the exchanger solution adjusted to contain 5% of tartaric acid and 
10% of sulphuric acid'". The results are summarized in Table I. 
Dissolution of niobium arsenate 
To determine the solubility of this material, a 0.2-g portion was heated under 
reflux with 25 ml of the appropriate solvent for I h, and after removal of the undis-
solved material, niobium and arsenic were determined in the filtrate by the potassium 
thiocyanate-diethyl ether extraction" and the molybdenum blue'^ methods, respec-
tively. The results are shown in Table I. 
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TABLE II 
ION-EXCHANGE CAPACITY OF A SAMPLE OF NIOBIUM ARSENATE TOWARDS VARI-
OUS IONS 
Elating cation Concentrations of cation (M) Ion-exchange capacity (mequiv.jg) 
N a + 
K-^ 
Mg2+ 
Ba^+ 
1.0 
1.0 
0.5 
1.0 
0.5 
1.0 
1.06 
1.44 
0.90 
0.98 
1.58 
Distribution studies 
The distribution coefficients for 30 metal ions in demineralized water and 0.1 M 
nitric acid were determined by using a loading of the cation equal to 3 % of the total 
ion-exchange capacity; the total volume of solution was 50 ml and the amount of 
TABLE III 
DISTRIBUTION COEFFICIENTS FOR 30 METAL IONS USING A LOADING OF 3 % OF 
THE TOTAL CAPACITY 
Ksp = solubility product. 
Cation 
Mg^+ 
Ca^+ 
Co^+ 
Sr^+ 
Cd2+ 
Cu^+ 
Pb^+ 
Ba^+ 
N P + 
Zn^+ 
M n ' + 
Al^+ 
F e ' + 
Hg^^ 
v«+ 
Zr*+ 
In^+ 
Pr3+ 
N d ' + 
Sm^+ 
E u ' + 
Od^* 
Tb^+ 
H o ' + 
Er^+ 
Tm^+ 
y b ' + 
Y3 + 
Xi4+ 
Hf*+ 
Radius (r") of 
non-hydrated ion 
(A) 
0.65 
0.99 
0.74 
1.13 
0.97 
0.96 
1.20 
1.35 
0.72 
0.74 
0 80 
0.50 
0.64 
1.10 
0.60 
0.80 
0.81 
— 
— 
1.03 
— 
~ 
-
-
— 
— 
— 
^-
"-
pKsp of arsenate 
of metal ion 
19.67 
18.17 
28.12 
18.09 
32.66 
35.11 
35.38 
50.11 
25.50 
27.88 
28.72 
-
20.24 
— 
— 
— 
-
— 
— 
- • 
— 
-
— 
pKsp-r" 
12.78 
17.98 
20.80 
21.26 
31.04 
33.70 
42.45 
67.64 
18.36 
2.63 
22.97 
-
12.93 
-
-
-
-
--
-
Kd value (mljg) 
Demineralized water 
171 
298 
387 
553 
950 
1600 
1850 
2980 
1005 
1100 
1930 
1930 
115 
31 
540 
109 
779 
9460 
8460 
9260 
2110 
2313 
7820 
8660 
8020 
3420 
4820 
9460 
1900 
183 
O.l M HNOi 
7 
22 
15 
55 
110 
65 
557 
85 
13 
71 
11 
133 
72 
12 
469 
193 
51 
47 
55 
20 
79 
10 
28 
266 
31 
41 
70 
14 
1002 
77 
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Curve 1 
•«• < • w -
Fig. 1 
form; 
form. 
700 800 900 
Temperature (°C) 
Thermogravimetric curves for samples of niobium arsenate. Curve 1 = sample 1 in H'^  
curve 2 = sample I in K* form; curve 3 = sample 5 in H+ form; curve 4 = sample 5 in K+ 
exchanger used was 0.5 g. Titanium was determined spectrophotometrically'^, and 
all other cations by titration with 2 mM EDTA. The results are shown in Table HI. 
Thermogravimetric analysis 
Samples 1, 2 and 5 (see Table I), and hydrated niobium pentoxide, in H"^  and 
K"^  forms, and sample 4 (in H+ form) were subjected to thermogravimetric analysis 
over the range 50° to 900°; the results are summarized in Figs. 1 and 2. 
60O 700 800 900 
Temperature (°C) 
Fig. 2. Thermogravimetric curves for samples of niobium arsenate and hydrated niobium pentoxide. 
Curve 1 = Hydrated niobium pentoxide in H+ form; curve 2 = sample 4 in H"^  form, curve 3 
sample 2 in H+ form; curve 4 = hvJrated niobium pentoxide in K^ form; curve 5 = sample 2 in 
K^ - form. 
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Separation studies 
For these experiments, a glass column was filled with 2 g of niobium arsenate 
(H"*^  form) on a glass-wool support. The flow-rate in all separations was 0.6 to 0.8 
ml/min. The ions of magnesium, gallium and bivalent mercury were eluted with 0.2 °„ 
ammonium nitrate solution; other ions retained on the column were eluted with 2.5 M 
nitric acid-5% ammonium nitrate solution. The results are shown in Fig. 3 and Table 
IV. 
40 80 120 150 200 
Volume of effluent (ml) 
Fig. 3. Separation of some metal ions on niobium arsenate. A ~= 0.2% ammonium nitrate solution 
as eluent; B ~ 2.5 M nitric acid 4- 5% ammonium nitrate solution as eluent. 
TABLE IV 
SEPARATIONS ACHIEVED ON NIOBIUM ARSENATE COLUMN 
Experiment 
No. 
1 
2 
3 
4 
Mixture 
loaded 
mg2 + _^|J + 
Mg^ + -Mii ' + 
Qj , J + _ ^ | J + 
Hg^+-Cd^+ 
Cation 
eluted 
Mg' + 
A!' + 
Mg'+ 
M n " 
Ga^' 
A:^' 
Hg^ + 
Cd^+ 
Eli4ent 
0.2%NH4NO3 
5%NH4N03 4 
0.2%NH4NO3 
5%NH4N03 + 
0.2%NH4NO3 
5%NH4NO, ! 
0.2%NH4NO3 
5%NH4N03 f 
2.5 M HNO3 
2,5 M HNO3 
2.5 M H N O j 
2.5 M HNO., 
Total volume 
of effluent 
eollected 
(ml) 
100 
90 
100 
70 
80 
70 
90 
70 
A mount 
loaded 
dig) 
126.46 
81.98 
126.46 
203.24 
264.94 
81.98 
543.29 
123.65 
Amount 
found 
(I'gl 
131.33 
78.98 
128.80 
197.84 
271.90 
80.91 
533.23 
123.65 
Error 
("„) 
^ 3.57 
4.58 
1.84 
2.65 
^ 2.56 
1.23 
• 1.85 
0.0 
DISCUSSION 
The chemical stability of niobium arsenate in the solvents tested increases in 
the order dernineralized water, 4 M nitric acid, 4 M hydrochloric acid. Thermo-
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gravimetric studies show that the thermal stabilities of the various samples increases 
in the order sample 2, sample 4, sample 5, hydrated niobium pentoxide, sample 1. 
With samples 2, 4 and 5 there is no weight loss above 500°, and none for the hydrated 
niobium pentoxide above 300°; with sample 1, weight loss is continuous up to 850°. 
The higher weight loss with sample 1 is probably due to its higher content of arsenic 
(see Table I). 
Thermogravimetric analysis shows that the weight loss from the H"^  form of 
the exchanger is greater than that for the K+ form; this is because, in the latter form, 
removal of water molecules by condensation is not possible. It appears that external 
water molecules are removed at temperatures up to 450°, after which condensation 
probably starts in niobium arsenate. As the niobium content of the material decreases, 
the thermal stability (as shown by the weight loss) also decreases, as is clear from 
Table I. The hydrated niobium pentoxide has more hydroxyl groups, which are easier 
to condense than arsenate groups, and its thermal stability is thus smaller than that 
of the arsenate. 
Nickel filtered Cu Ka X-ray diffractograms of sample 1 and of hydrated nio-
bium pentoxide show that both materials are amorphous. 
CM ^ 
I 
o 
«i 3 24 
o 
> 
-o16 
it 
0 8 16 24 32 40 48 56 64 72 80 
Fig. 4. Graph of values of K^ against pK.p-r" for the metals studied. 
The analytical importance of niobium arsenate has been illustrated by achiev-
ing four binary separations on columns of the materia' (see Fig. 3), and Fig. 4 shows 
that a graph of pAT^ p-/-" against K^ is a straight line. This follows from the well-known 
fact that insoluble substances (having high values of pA'.p) have large K^ values. A 
large value of r" indicates little hydration and hence a larger attraction for the matrix. 
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